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ȼɵɩɭɫɤɧɚɹ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɚɹ ɪɚɛɨɬɚ ɩɨ ɬɟɦɟ «Ɉɩɬɢɦɢɡɚɰɢɹ ɫɟɬɢ 
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ɢɥɥɸɫɬɪɚɰɢɣ, 11 ɮɨɪɦɭɥ. 
ɆɇɈȽɈɄɊɂɌȿɊɂȺɅɖɇȺə ɈɉɌɂɆɂɁȺɐɂə, ɆɈȾȿɅɖ, ɋȿɌɂ 
ɉȿɊȿȾȺɑɂ ȾȺɇɇɕɏ, ɄɈɇɐȿɉɐɂə ɉȺɊȿɌɈ, ɆȿɌɈȾ ȼȿɌȼȿɃ ɂ ȽɊȺɇɂɐ, 
ɆȿɌɈȾ ɂɆɂɌȺɐɂɂ ɈɌɀɂȽȺ, ɉɊɈȽɊȺɆɆȺ. 
Ɉɛɴɟɤɬɨɦ ɢɡɭɱɟɧɢɹ ɹɜɥɹɟɬɫɹ ɫɟɬɶ ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ ɢ ɦɟɬɨɞɵ ɟɟ 
ɨɩɬɢɦɢɡɚɰɢɢ. 
ɐɟɥɶɸ ɹɜɥɹɟɬɫɹ ɪɚɡɪɚɛɨɬɤɚ ɢ ɪɟɚɥɢɡɚɰɢɹ ɚɥɝɨɪɢɬɦɚ, ɫɩɨɫɨɛɧɨɝɨ ɧɚɯɨɞɢɬɶ 
ɫ ɩɪɢɟɦɥɟɦɨɣ ɬɨɱɧɨɫɬɶɸ ɪɟɲɟɧɢɟ ɡɚɞɚɱɢ ɦɧɨɝɨɤɪɢɬɟɪɢɚɥɶɧɨɣ ɨɩɬɢɦɢɡɚɰɢɢ 
ɫɟɬɢ ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ ɋɢɛɢɪɫɤɨɝɨ ɛɚɧɤɚ ɩɪɢ ɛɨɥɶɲɨɣ ɪɚɡɦɟɪɧɨɫɬɢ.  
ȼ ɪɟɡɭɥɶɬɚɬɟ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɛɵɥɚ ɩɨɫɬɪɨɟɧɚ ɦɨɞɟɥɶ ɫɟɬɢ ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ, 
ɩɨɫɬɚɜɥɟɧɚ ɡɚɞɚɱɚ ɛɢɤɪɢɬɟɪɢɚɥɶɧɨɣ ɨɩɬɢɦɢɡɚɰɢɢ, ɜɵɩɨɥɧɟɧ ɨɛɡɨɪ 
ɫɭɳɟɫɬɜɭɸɳɢɯ ɦɟɬɨɞɨɜ ɩɨɫɬɚɜɥɟɧɧɨɣ ɡɚɞɚɱɢ, ɜɵɛɪɚɧɵ ɢ ɪɟɚɥɢɡɨɜɚɧɵ ɧɚɢɛɨɥɟɟ 
ɩɨɞɯɨɞɹɳɢɟ ɦɟɬɨɞɵ, ɧɚ ɨɫɧɨɜɟ ɪɟɡɭɥɶɬɚɬɨɜ ɢɫɫɥɟɞɨɜɚɧɢɹ ɪɚɛɨɬɵ ɚɥɝɨɪɢɬɦɨɜ 
ɜɵɛɪɚɧ ɧɚɢɛɨɥɟɟ ɩɨɞɯɨɞɹɳɢɣ ɢɡ ɧɢɯ, ɩɪɟɞɥɨɠɟɧɵ ɦɨɞɢɮɢɤɚɰɢɢ ɜ ɫɜɹɡɢ ɫɨ 
ɫɩɟɰɢɮɢɤɨɣ ɩɪɟɞɦɟɬɧɨɣ ɨɛɥɚɫɬɢ. 
ȼ ɢɬɨɝɟ ɪɚɡɪɚɛɨɬɚɧ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɣ ɚɥɝɨɪɢɬɦ, ɩɨɡɜɨɥɹɸɳɢɣ ɧɚɯɨɞɢɬɶ 
ɦɧɨɠɟɫɬɜɨ ɨɩɬɢɦɚɥɶɧɵɯ ɜ ɨɩɪɟɞɟɥɟɧɧɨɦ ɫɦɵɫɥɟ ɪɟɲɟɧɢɣ ɦɨɞɟɪɧɢɡɚɰɢɢ ɫɟɬɢ 
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ɋ ɤɚɠɞɵɦ ɝɨɞɨɦ ɨɛɴɟɦɵ ɩɟɪɟɞɚɜɚɟɦɨɣ ɢɧɮɨɪɦɚɰɢɢ ɩɨɫɪɟɞɫɬɜɨɦ ɫɟɬɢ 
ɂɧɬɟɪɧɟɬ ɫɬɪɟɦɢɬɟɥɶɧɨ ɪɚɫɬɭɬ. ɋɨɨɬɜɟɬɫɬɜɟɧɧɨ ɜɨɡɪɚɫɬɚɟɬ ɧɚɝɪɭɡɤɚ ɧɚ ɫɟɬɢ 
ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ (ɞɚɥɟɟ ɋɉȾ), ɱɬɨ ɫɥɭɠɢɬ ɬɨɥɱɤɨɦ ɞɥɹ ɭɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɹ ɢ 
ɨɩɬɢɦɢɡɚɰɢɢ. 
ɂɧɬɟɪɧɟɬ-ɩɪɨɜɚɣɞɟɪɵ (ɞɚɥɟɟ ɩɪɨɜɚɣɞɟɪɵ) ɫɬɪɟɦɹɬɫɹ ɛɵɬɶ 
ɤɨɧɤɭɪɟɧɬɨɫɩɨɫɨɛɧɵɦɢ, ɩɨɷɬɨɦɭ ɤɚɱɟɫɬɜɨ ɩɪɟɞɨɫɬɚɜɥɹɟɦɵɯ ɭɫɥɭɝ ɭɥɭɱɲɚɟɬɫɹ, 
ɢɡɦɟɧɹɟɬɫɹ ɫɬɨɢɦɨɫɬɶ ɚɪɟɧɞɵ ɤɚɧɚɥɨɜ, ɩɨɹɜɥɹɸɬɫɹ ɧɨɜɵɟ ɤɚɧɚɥɵ ɫɜɹɡɢ ɢ ɬ.ɞ. 
ɂɧɨɝɞɚ ɢɡɦɟɧɟɧɢɹ ɜ ɬɚɪɢɮɧɵɯ ɩɥɚɧɚɯ ɫɭɳɟɫɬɜɟɧɧɵ ɢ ɜɵɝɨɞɧɵ ɞɥɹ 
ɩɨɥɶɡɨɜɚɬɟɥɟɣ, ɧɨ ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɬɶ ɢ ɪɟɲɢɬɶ, ɫɬɨɢɬ ɥɢ ɜɨɫɩɨɥɶɡɨɜɚɬɶɫɹ ɬɟɦɢ 
ɢɥɢ ɢɧɵɦɢ ɭɫɥɭɝɚɦɢ ɞɨɜɨɥɶɧɨ ɩɪɨɛɥɟɦɚɬɢɱɧɨ. 
Ɋɚɫɫɦɨɬɪɢɦ ɋɢɛɢɪɫɤɢɣ ɛɚɧɤ - ɮɢɥɢɚɥ ɉȺɈ ɋɛɟɪɛɚɧɤɚ Ɋɨɫɫɢɢ. Ɉɧ 
ɨɛɫɥɭɠɢɜɚɟɬ ɤɥɢɟɧɬɨɜ ɧɚ ɬɟɪɪɢɬɨɪɢɢ ɋɢɛɢɪɫɤɨɝɨ ɮɟɞɟɪɚɥɶɧɨɝɨ ɨɤɪɭɝɚ. 
ɋ ɰɟɥɶɸ ɩɨɜɵɲɟɧɢɹ ɤɚɱɟɫɬɜɚ ɫɟɪɜɢɫɚ ɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɨɛɫɥɭɠɢɜɚɧɢɹ 
ɛɚɧɤ ɚɤɬɢɜɧɨ ɪɚɡɜɢɜɚɟɬ ɤɚɤ ɫɭɳɟɫɬɜɭɸɳɢɟ ɬɟɯɧɨɥɨɝɢɢ ɩɪɟɞɨɫɬɚɜɥɟɧɢɹ ɭɫɥɭɝ, 
ɬɚɤ ɢ ɜɧɟɞɪɹɟɬ ɧɨɜɵɟ. ɇɚɩɪɢɦɟɪ, ɭɫɥɭɝɚ ɩɪɢɟɦɚ ɩɥɚɬɟɠɟɣ ɭ ɧɚɫɟɥɟɧɢɹ 
ɪɟɚɥɢɡɨɜɚɧɚ ɢ ɜ ɛɚɧɤɨɦɚɬɚɯ, ɢ ɜ ɢɧɮɨɪɦɚɰɢɨɧɧɨ-ɩɥɚɬɟɠɧɵɯ ɬɟɪɦɢɧɚɥɚɯ Ȼɚɧɤɚ. 
ɋɜɹɡɶ ɦɟɠɞɭ ɛɚɧɤɨɦɚɬɚɦɢ, ɬɟɪɦɢɧɚɥɚɦɢ, ɨɬɞɟɥɟɧɢɹɦɢ ɢ ɰɟɧɬɪɨɦ ɨɛɪɚɛɨɬɤɢ 
ɞɚɧɧɵɯ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɚɪɟɧɞɨɜɚɧɧɵɯ ɭ ɩɪɨɜɚɣɞɟɪɚ ɤɚɧɚɥɨɜ ɫɜɹɡɢ.  
ɉɪɨɚɧɚɥɢɡɢɪɨɜɚɜ ɞɟɹɬɟɥɶɧɨɫɬɶ ɨɬɞɟɥɚ ɫɢɫɬɟɦ ɫɜɹɡɢ ɢ ɬɟɥɟɤɨɦɦɭɧɢɤɚɰɢɣ 
ɛɵɥɨ ɜɵɹɜɥɟɧɨ, ɱɬɨ ɫɭɳɟɫɬɜɭɟɬ ɧɟɯɜɚɬɤɚ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ, ɝɨɬɨɜɨɝɨ 
ɚɧɚɥɢɡɢɪɨɜɚɬɶ ɩɪɟɞɥɨɠɟɧɢɹ ɩɪɨɜɚɣɞɟɪɨɜ ɢ ɩɪɟɞɨɫɬɚɜɥɹɬɶ ɚɥɶɬɟɪɧɚɬɢɜɧɵɟ 
ɪɟɲɟɧɢɹ ɩɪɢ ɨɩɪɟɞɟɥɟɧɢɢ ɩɥɚɧɚ ɚɪɟɧɞɵ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɤɚɧɚɥɨɜ ɞɥɹ 
ɭɥɭɱɲɟɧɢɹ ɬɟɯɧɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɋɉȾ. 
Ȼɚɧɤ ɡɚɢɧɬɟɪɟɫɨɜɚɧ ɜ ɩɨɥɭɱɟɧɢɢ ɤɚɱɟɫɬɜɟɧɧɵɯ ɭɫɥɭɝ ɨɬ ɩɪɨɜɚɣɞɟɪɨɜ ɡɚ 
ɦɢɧɢɦɚɥɶɧɨ ɜɨɡɦɨɠɧɭɸ ɫɬɨɢɦɨɫɬɶ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɧɟɨɛɯɨɞɢɦɨ ɭɱɢɬɵɜɚɬɶ ɞɜɚ 
ɪɚɡɥɢɱɧɵɯ ɤɪɢɬɟɪɢɹ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɡɚɞɚɱɭ 
ɛɢɤɪɢɬɟɪɢɚɥɶɧɨɣ ɨɩɬɢɦɢɡɚɰɢɢ. 
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Ɉɛɴɟɤɬɨɦ ɢɫɫɥɟɞɨɜɚɧɢɹ ɹɜɥɹɟɬɫɹ ɫɟɬɶ ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ ɢ ɦɟɬɨɞɵ ɟё 
ɨɩɬɢɦɢɡɚɰɢɢ. 
ɉɪɟɞɦɟɬɨɦ ɢɫɫɥɟɞɨɜɚɧɢɹ ɹɜɥɹɟɬɫɹ ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɢ ɚɥɝɨɪɢɬɦɵ 
ɨɩɬɢɦɢɡɚɰɢɢ ɋɉȾ ɋɢɛɢɪɫɤɨɝɨ ɛɚɧɤɚ. 
ɐɟɥɶɸ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɪɚɡɪɚɛɨɬɤɚ ɢ ɪɟɚɥɢɡɚɰɢɹ ɚɥɝɨɪɢɬɦɚ, ɫɩɨɫɨɛɧɨɝɨ 
ɧɚɯɨɞɢɬɶ ɫ ɩɪɢɟɦɥɟɦɨɣ ɬɨɱɧɨɫɬɶɸ ɪɟɲɟɧɢɟ ɡɚɞɚɱɢ ɦɧɨɝɨɤɪɢɬɟɪɢɚɥɶɧɨɣ 
ɨɩɬɢɦɢɡɚɰɢɢ ɫɟɬɢ ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ ɋɢɛɢɪɫɤɨɝɨ ɛɚɧɤɚ ɩɪɢ ɛɨɥɶɲɨɣ 
ɪɚɡɦɟɪɧɨɫɬɢ. 
Ⱦɥɹ ɞɨɫɬɢɠɟɧɢɹ ɩɨɫɬɚɜɥɟɧɧɨɣ ɰɟɥɢ ɪɟɲɚɥɢɫɶ ɫɥɟɞɭɸɳɢɟ ɡɚɞɚɱɢ: 
- ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɫɭɳɟɫɬɜɭɸɳɟɣ ɋɉȾ ɋɢɛɢɪɫɤɨɝɨ ɛɚɧɤɚ; 
- ɨɩɪɟɞɟɥɟɧɢɟ ɨɫɧɨɜɧɵɯ ɤɪɢɬɟɪɢɟɜ ɨɩɬɢɦɚɥɶɧɨɫɬɢ, ɩɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ 
ɛɢɤɪɢɬɟɪɢɚɥɶɧɨɣ ɨɩɬɢɦɢɡɚɰɢɢ ɫɟɬɢ; 
- ɚɧɚɥɢɡ ɫɭɳɟɫɬɜɭɸɳɢɯ ɦɟɬɨɞɨɜ ɪɟɲɟɧɢɹ ɦɧɨɝɨɤɪɢɬɟɪɢɚɥɶɧɵɯ ɡɚɞɚɱ ɢ 
ɜɵɛɨɪ ɧɚɢɛɨɥɟɟ ɩɨɞɯɨɞɹɳɢɯ ɞɥɹ ɪɟɲɟɧɢɹ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɩɪɚɤɬɢɱɟɫɤɨɣ 
ɡɚɞɚɱɢ; 
- ɩɪɨɝɪɚɦɦɧɚɹ ɪɟɚɥɢɡɚɰɢɹ ɜɵɛɪɚɧɧɵɯ ɦɟɬɨɞɨɜ; 
- ɪɚɡɪɚɛɨɬɤɚ ɢ ɪɟɚɥɢɡɚɰɢɹ ɩɪɨɝɪɚɦɦɵ ɫ ɝɪɚɮɢɱɟɫɤɢɦ ɢɧɬɟɪɮɟɣɫɨɦ ɞɥɹ 
ɧɭɠɞ ɋɢɛɢɪɫɤɨɝɨ ɛɚɧɤɚ. 
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1 Ɇɟɬɨɞɵ ɪɟɲɟɧɢɹ ɦɧɨɝɨɤɪɢɬɟɪɢɚɥɶɧɵɯ ɡɚɞɚɱ ɨɩɬɢɦɢɡɚɰɢɢ ɫɟɬɢ 
ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ 
 
1.1 Ɇɧɨɝɨɤɪɢɬɟɪɢɚɥɶɧɚɹ ɨɩɬɢɦɢɡɚɰɢɹ 
 
Ɇɧɨɝɨɤɪɢɬɟɪɢɚɥɶɧɚɹ ɨɩɬɢɦɢɡɚɰɢɹ (ɞɚɥɟɟ ɆɄɈ) – ɷɬɨ ɩɪɨɰɟɫɫ 
ɨɞɧɨɜɪɟɦɟɧɧɨɣ ɨɩɬɢɦɢɡɚɰɢɢ ɞɜɭɯ ɢ ɛɨɥɟɟ ɤɨɧɮɥɢɤɬɭɸɳɢɯ ɰɟɥɟɜɵɯ ɮɭɧɤɰɢɣ ɜ 
ɡɚɞɚɧɧɨɣ ɨɛɥɚɫɬɢ ɨɩɪɟɞɟɥɟɧɢɹ. 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɡɚɞɚɱɭ ɜɵɛɨɪɚ ɨɩɬɢɦɚɥɶɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɋɉȾ ɦɨɠɧɨ 
ɫɱɢɬɚɬɶ ɦɧɨɝɨɤɪɢɬɟɪɢɚɥɶɧɨɣ, ɩɨɫɤɨɥɶɤɭ ɧɟɨɛɯɨɞɢɦɨ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɤɚɤ 
ɦɢɧɢɦɭɦ ɞɜɚ ɤɪɢɬɟɪɢɹ: ɩɪɨɩɭɫɤɧɭɸ ɫɩɨɫɨɛɧɨɫɬɶ ɫɟɬɢ ɢ ɚɪɟɧɞɧɭɸ ɫɬɨɢɦɨɫɬɶ. 
ɆɄɈ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɩɨɩɵɬɤɭ ɩɨɥɭɱɢɬɶ ɧɚɢɥɭɱɲɟɟ ɡɧɚɱɟɧɢɟ ɞɥɹ 
ɧɟɤɨɬɨɪɨɝɨ ɦɧɨɠɟɫɬɜɚ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ ɨɛɴɟɤɬɚ, ɧɚɣɬɢ ɧɟɤɢɣ 
ɤɨɦɩɪɨɦɢɫɫ ɦɟɠɞɭ ɬɟɦɢ ɱɚɫɬɧɵɦɢ ɤɪɢɬɟɪɢɹɦɢ ܳ௜ሺ?⃗?ሻ (ɝɞɟ i = 1,2,…,s), ɩɨ 
ɤɨɬɨɪɵɦ ɬɪɟɛɭɟɬɫɹ ɨɩɬɢɦɢɡɢɪɨɜɚɬɶ ɪɟɲɟɧɢɟ.  
ȼ ɭɫɥɨɜɢɹɯ ɨɩɪɟɞɟɥɟɧɧɨɫɬɢ, ɬɨ ɟɫɬɶ ɜ ɨɬɫɭɬɫɬɜɢɟ ɫɥɭɱɚɣɧɵɯ ɢɥɢ 
ɧɟɨɩɪɟɞɟɥɟɧɧɵɯ ɫɨɛɵɬɢɣ, ɡɚɞɚɱɭ ɆɄɈ ɦɨɠɧɨ ɩɪɟɞɫɬɚɜɢɬɶ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: 
 min𝑥א஽ ( ଵ݂ሺ𝑥ሻ), … , min𝑥א஽ ( ௡݂ሺ𝑥ሻ), (1) 
 
ɝɞɟ D – ɦɧɨɠɟɫɬɜɨ ɞɨɩɭɫɬɢɦɵɯ ɪɟɲɟɧɢɣ; ଵ݂ሺ𝑥ሻ, … , ௡݂ሺ𝑥ሻ  ሺ݊ ൒ ʹ, 𝑥𝜖ܦሻ – ɦɧɨɠɟɫɬɜɨ ɱɢɫɥɨɜɵɯ ɮɭɧɤɰɢɣ, ɨɩɪɟɞɟɥɟɧɧɵɯ 
ɧɚ ɦɧɨɠɟɫɬɜɟ D. 
ɑɢɫɥɨɜɵɟ ɮɭɧɤɰɢɢ ɡɚɞɚɸɬ ɜɟɤɬɨɪɧɵɣ ɤɪɢɬɟɪɢɣ ݂⃗ =  ሺ ଵ݂ሺ𝑥ሻ, … , ௡݂ሺ𝑥ሻሻ, 
ɩɪɢɧɢɦɚɸɳɢɣ ɡɧɚɱɟɧɢɹ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ n-ɦɟɪɧɵɯ ɜɟɤɬɨɪɨɜ ℝ௡, ɝɞɟ ℝ - 
ɦɧɨɠɟɫɬɜɨ ɜɟɳɟɫɬɜɟɧɧɵɯ ɱɢɫɟɥ.  
Ɉɰɟɧɤɨɣ ɪɟɲɟɧɢɹ 𝑥 א ܦ ɧɚɡɵɜɚɸɬ ɜɫɹɤɨɟ ɡɧɚɱɟɧɢɟ ݂ሺ𝑥ሻ = ሺ ଵ݂ሺ𝑥ሻ, … , ௡݂ሺ𝑥ሻሻ. ȼ ɡɚɞɚɱɟ ɆɄɈ ɫɪɚɜɧɟɧɢɟ ɪɟɲɟɧɢɣ ɩɪɨɢɫɯɨɞɢɬ ɫ ɩɨɦɨɳɶɸ 
ɜɟɤɬɨɪɧɨɝɨ ɤɪɢɬɟɪɢɹ ݂.  
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Ⱦɚɥɟɟ ɩɪɢɜɟɞɟɧɵ ɧɚɢɛɨɥɟɟ ɩɨɩɭɥɹɪɧɵɟ ɩɨɞɯɨɞɵ ɤ ɪɟɲɟɧɢɸ ɡɚɞɚɱ ɆɄɈ. 
 
1.2 ɉɨɞɯɨɞɵ ɤ ɪɟɲɟɧɢɸ 
 
1.2.1 ɋɜɟɪɬɵɜɚɧɢɟ ɤɪɢɬɟɪɢɟɜ 
 
ɒɢɪɨɤɨ ɢɡɜɟɫɬɧɵɦ ɹɜɥɹɟɬɫɹ ɩɨɞɯɨɞ ɤ ɪɟɲɟɧɢɸ ɦɧɨɝɨɤɪɢɬɟɪɢɚɥɶɧɵɯ 
ɡɚɞɚɱ, ɨɫɧɨɜɚɧɧɵɣ ɧɚ «ɫɜɟɪɬɵɜɚɧɢɢ» ɜɟɤɬɨɪɧɨɝɨ ɤɪɢɬɟɪɢɹ ݂ ɜ ɨɞɧɭ ɮɭɧɤɰɢɸ – 
ɨɛɨɛɳɟɧɧɵɣ ɤɪɢɬɟɪɢɣ ܨሺ ଵ݂, … , ௠݂ሻ. ɗɬɨ ɡɧɚɱɢɬɟɥɶɧɨ ɭɩɪɨɳɚɟɬ ɪɟɲɟɧɢɟ ɡɚɞɚɱɢ, 
ɩɨɫɤɨɥɶɤɭ ɩɪɨɢɫɯɨɞɢɬ ɫɭɠɟɧɢɟ ɦɧɨɠɟɫɬɜɚ ɪɟɲɟɧɢɣ ɨɬ ℝ௡ ɞɨ ℝ (n – ɱɢɫɥɨ 
ɤɪɢɬɟɪɢɟɜ). ɇɚɢɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɦ ɹɜɥɹɟɬɫɹ ɦɟɬɨɞ ɥɢɧɟɣɧɨɣ ɤɨɦɛɢɧɚɰɢɢ 
ɱɚɫɬɧɵɯ ɤɪɢɬɟɪɢɟɜ.  
ɉɭɫɬɶ ɡɚɞɚɧ ɜɟɤɬɨɪ ɜɟɫɨɜɵɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɤɪɢɬɟɪɢɟɜ 𝛼 = ሺ𝛼ଵ, … , 𝛼௞ሻ, 
ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɯ ɜɚɠɧɨɫɬɶ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɤɪɢɬɟɪɢɹ, ∑ 𝛼௞𝐾௞=ଵ = ͳ, 𝛼௞ ൒ Ͳ,  ݇ =  ͳ, ܭ. Ʌɢɧɟɣɧɚɹ ɫɤɚɥɹɪɢɡɨɜɚɧɧɚɹ ɮɭɧɤɰɢɹ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɫɭɦɦɭ 
ɱɚɫɬɧɵɯ ɤɪɢɬɟɪɢɟɜ, ɭɦɧɨɠɟɧɧɵɯ ɧɚ ɜɟɫɨɜɵɟ ɤɨɷɮɮɢɰɢɟɧɬɵ. Ɂɚɞɚɱɚ 
ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ ɫɬɚɧɨɜɢɬɫɹ ɨɞɧɨɤɪɢɬɟɪɢɚɥɶɧɨɣ ɢ ɢɦɟɟɬ ɜɢɞ 
 ܨ଴ = ∑ ܽ௞ ௞݂ሺ𝑥ሻ𝐾௞=ଵ → ݉ܽ𝑥, ݃௜ሺ𝑥ሻ ൑ ܾ௜ , ݅ = ͳ, ܫ, 𝑥 ൒ Ͳ. (2) 
 
Ʉɪɢɬɟɪɢɢ ɜ ɫɜɟɪɬɤɟ ɦɨɝɭɬ ɛɵɬɶ ɧɨɪɦɢɪɨɜɚɧɵ. Ɋɟɲɟɧɢɟ, ɩɨɥɭɱɟɧɧɨɟ ɜ 
ɪɟɡɭɥɶɬɚɬɟ ɨɩɬɢɦɢɡɚɰɢɢ ɫɤɚɥɹɪɢɡɨɜɚɧɧɨɝɨ ɤɪɢɬɟɪɢɹ ɷɮɮɟɤɬɢɜɧɨ. 
Ʉ ɧɟɞɨɫɬɚɬɤɚɦ ɦɟɬɨɞɚ ɦɨɠɧɨ ɨɬɧɟɫɬɢ ɬɨ, ɱɬɨ ɦɚɥɵɦ ɩɪɢɪɚɳɟɧɢɹɦ 
ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɛɨɥɶɲɢɟ ɩɪɢɪɚɳɟɧɢɹ ɮɭɧɤɰɢɢ, ɬ. ɟ. ɪɟɲɟɧɢɟ 





1.2.2 Ʉɨɧɰɟɩɰɢɹ ɉɚɪɟɬɨ 
 
Ⱦɚɧɧɵɣ ɩɨɞɯɨɞ ɩɨɡɜɨɥɹɟɬ ɧɚɯɨɞɢɬɶ ɧɟ ɨɞɧɨ, ɚ ɰɟɥɨɟ ɦɧɨɠɟɫɬɜɨ 
ɨɩɬɢɦɚɥɶɧɵɯ ɜ ɨɩɪɟɞɟɥɟɧɧɨɦ ɫɦɵɫɥɟ ɪɟɲɟɧɢɣ. Ɋɚɫɫɦɨɬɪɢɦ ɨɰɟɧɤɢ 𝑥′ =ሺ ଵ݂ሺ𝑥′ሻ, … , ௡݂ሺ𝑥′ሻ) ɢ 𝑥′′ = ሺ ଵ݂ሺ𝑥′′ሻ, … , ௡݂ሺ𝑥′′ሻ) ɡɚɞɚɱɢ (1). ȿɫɥɢ ௜݂ሺ𝑥′ሻ ൑ ௜݂ሺ𝑥′′ሻ, ݅ =ͳ,ʹ, … , ݊, ɢ ɯɨɬɹ ɛɵ ɨɞɧɨ ɧɟɪɚɜɟɧɫɬɜɨ ɜɵɩɨɥɧɹɟɬɫɹ ɫɬɪɨɝɨ, ɬɨ ɝɨɜɨɪɹɬ, ɱɬɨ ɨɰɟɧɤɚ ݂ሺ𝑥′ሻ ɞɨɦɢɧɢɪɭɟɬ ݂ሺ𝑥′′ሻ ɢ ɨɛɨɡɧɚɱɚɸɬ ݂ሺ𝑥′ሻ ≻  ݂ሺ𝑥′′ሻ. Ɋɟɲɟɧɢɟ 𝑥′ ɞɨɦɢɧɢɪɭɟɬ 
ɪɟɲɟɧɢɟ 𝑥′′, ɟɫɥɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ ɟɦɭ ɨɰɟɧɤɚ ɞɨɦɢɧɢɪɭɟɬ ɨɰɟɧɤɭ ɪɟɲɟɧɢɹ 𝑥′′. 
Ɍɚɤɨɟ ɨɬɧɨɲɟɧɢɟ ɨɛɨɡɧɚɱɚɟɬɫɹ ɤɚɤ 𝑥′ ≻  𝑥′′. 
ȿɫɥɢ ɦɧɨɠɟɫɬɜɨ ɪɟɲɟɧɢɣ D ɧɟ ɫɨɞɟɪɠɢɬ ɬɚɤɨɝɨ 𝑥′′, ɱɬɨ ݂ሺ𝑥′′ሻ ≻  ݂ሺ𝑥′ሻ, ɬɨ 
ɨɰɟɧɤɚ ݂ሺ𝑥′ሻ ɧɚɡɵɜɚɟɬɫɹ ɉɚɪɟɬɨ-ɨɩɬɢɦɚɥɶɧɨɣ (ɧɟɞɨɦɢɧɢɪɭɟɦɨɣ). ɋɨɜɨɤɭɩɧɨɫɬɶ 
ɜɫɟɯ ɉɚɪɟɬɨ-ɨɩɬɢɦɚɥɶɧɵɯ ɪɟɲɟɧɢɣ X ɡɚɞɚɱɢ ɨɩɬɢɦɢɡɚɰɢɢ ɟɫɬɶ ɦɧɨɠɟɫɬɜɨ 
ɉɚɪɟɬɨ. 
Ɋɟɲɟɧɢɟ ɡɚɞɚɱɢ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɤɨɧɰɟɩɰɢɢ ɉɚɪɟɬɨ ɫɜɨɞɢɬɫɹ ɤ ɫɥɟɞɭɸɳɢɦ 
ɲɚɝɚɦ: 
1) ɨɩɪɟɞɟɥɟɧɢɟ ɦɧɨɠɟɫɬɜɚ ɉɚɪɟɬɨ-ɨɩɬɢɦɚɥɶɧɵɯ ɪɟɲɟɧɢɣ; 
2) ɜɵɛɨɪ ɨɩɬɢɦɚɥɶɧɨɣ ɨɰɟɧɤɢ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɥɢɰɚ, ɩɪɢɧɢɦɚɸɳɟɝɨ 
ɪɟɲɟɧɢɟ (ɅɉɊ); 
3) ɩɨɫɬɪɨɟɧɢɟ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɟ ɜɵɛɪɚɧɧɨɣ ɨɰɟɧɤɟ. 
ȼɜɢɞɭ ɬɨɝɨ, ɱɬɨ ɅɉɊ ɢɦɟɟɬ ɨɩɪɟɞɟɥɟɧɧɵɣ ɨɩɵɬ ɜ ɫɜɨɟɣ ɩɪɟɞɦɟɬɧɨɣ 
ɨɛɥɚɫɬɢ, ɜɨɡɦɨɠɧɨɫɬɶ ɜɵɛɨɪɚ ɢɡ ɦɧɨɠɟɫɬɜɚ ɨɩɬɢɦɚɥɶɧɵɯ ɩɨ ɉɚɪɟɬɨ ɪɟɲɟɧɢɣ 
ɩɨɡɜɨɥɹɟɬ ɟɦɭ ɩɪɢɦɟɧɢɬɶ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɧɟɮɨɪɦɚɥɢɡɨɜɚɧɧɵɟ ɡɧɚɧɢɹ ɢ 
ɩɨɥɭɱɢɬɶ ɥɭɱɲɢɣ, ɩɨ ɟɝɨ ɦɧɟɧɢɸ, ɪɟɡɭɥɶɬɚɬ. 
Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɦɧɨɠɟɫɬɜɚ ɉɚɪɟɬɨ ɩɪɟɞɥɚɝɚɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɬɶ 
ɚɞɚɩɬɢɪɨɜɚɧɧɵɟ ɩɨɞ ɪɟɲɟɧɢɟ ɦɧɨɝɨɤɪɢɬɟɪɢɚɥɶɧɵɯ ɡɚɞɚɱ ɦɟɬɨɞ ɜɟɬɜɟɣ ɢ ɝɪɚɧɢɰ 
[14, 33, 34, 35], ɷɜɪɢɫɬɢɱɟɫɤɢɟ ɩɨɞɯɨɞɵ ɧɚ ɨɫɧɨɜɟ ɚɥɝɨɪɢɬɦɨɜ ɢɦɢɬɚɰɢɢ ɨɬɠɢɝɚ, 
ɝɟɧɟɬɢɱɟɫɤɢɯ ɚɥɝɨɪɢɬɦɨɜ, ɧɟɣɪɨɧɧɵɯ ɫɟɬɟɣ ɢ ɞɪɭɝɢɟ. 
ɋɜɨɣɫɬɜɚ ɢ ɦɟɬɨɞɵ ɪɟɲɟɧɢɹ ɦɧɨɝɨɤɪɢɬɟɪɢɚɥɶɧɵɯ ɡɚɞɚɱ ɛɨɥɟɟ ɩɨɞɪɨɛɧɨ 
ɨɩɢɫɚɧɵ ɜ ɪɚɛɨɬɚɯ [3, 7, 9, 23, 26, 27, 35]. 
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1.3 Ɇɟɬɨɞ ɜɟɬɜɟɣ ɢ ɝɪɚɧɢɰ ɜ ɪɟɲɟɧɢɢ ɡɚɞɚɱ ɨɩɬɢɦɢɡɚɰɢɢ 
 
ȼ 1960 ɝɨɞɭ Ⱥ. Ʌɷɧɞ ɢ Ⱦɠ. Ⱦɨɣɝ ɩɪɟɞɥɨɠɢɥɢ ɧɨɜɵɣ ɦɟɬɨɞ ɪɟɲɟɧɢɹ ɡɚɞɚɱ 
ɥɢɧɟɣɧɨɝɨ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ – ɦɟɬɨɞ ɜɟɬɜɟɣ ɢ ɝɪɚɧɢɰ. 
Ɇɟɬɨɞ ɜɟɬɜɟɣ ɢ ɝɪɚɧɢɰ – ɷɬɨ, ɫɜɨɟɝɨ ɪɨɞɚ, ɜɚɪɢɚɧɬ ɦɟɬɨɞɚ ɩɨɥɧɨɝɨ 
ɩɟɪɟɛɨɪɚ ɫ ɨɬɛɪɚɫɵɜɚɧɢɟɦ ɡɚɜɟɞɨɦɨ ɧɟɨɩɬɢɦɚɥɶɧɵɯ ɩɨɞɦɧɨɠɟɫɬɜ ɞɨɩɭɫɬɢɦɵɯ 
ɪɟɲɟɧɢɣ. 
ȼ ɨɛɳɟɦ ɫɥɭɱɚɟ ɦɟɬɨɞ ɫɨɫɬɨɢɬ ɢɡ ɫɥɟɞɭɸɳɟɝɨ ɧɚɛɨɪɚ ɞɟɣɫɬɜɢɣ: 
1) ɨɩɪɟɞɟɥɟɧɢɟ ɦɧɨɠɟɫɬɜɚ ܦ ɞɨɩɭɫɬɢɦɵɯ ɪɟɲɟɧɢɣ ɡɚɞɚɱɢ ɢ ɮɨɪɦɢɪɨɜɚɧɢɟ 
ɫɩɢɫɤɚ ɜɟɬɜɥɟɧɢɹ. 
2) ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɟ ɜɵɩɨɥɧɟɧɢɟ ɩɪɨɰɟɫɫɚ ɜɟɬɜɥɟɧɢɹ. Ɋɚɡɛɢɟɧɢɟ 
ɦɧɨɠɟɫɬɜɚ ܦ ɧɚ ɩɪɨɢɡɜɨɥɶɧɨɟ ɱɢɫɥɨ ݇ ɩɨɞɦɧɨɠɟɫɬɜ ܦ௜ (ڂ ܦ௜௞௜=ଵ = ܦ; ځ ܦ௜௞௜=ଵ = ׎) ɫ ɩɨɫɥɟɞɭɸɳɢɦ ɞɨɛɚɜɥɟɧɢɟɦ ɢɯ ɜ ɫɩɢɫɨɤ ɤɚɧɞɢɞɚɬɨɜ ɞɥɹ ɪɚɫɫɦɨɬɪɟɧɢɹ. 
ɉɭɫɬɨɣ ɫɩɢɫɨɤ ɤɚɧɞɢɞɚɬɨɜ ɝɨɜɨɪɢɬ ɨ ɬɨɦ, ɱɬɨ ɜɫɟ ɪɟɲɟɧɢɹ ɛɵɥɢ ɪɚɫɫɦɨɬɪɟɧɵ 
ɢɥɢ ɨɬɫɟɹɧɵ. ȼ ɬɚɤɨɦ ɫɥɭɱɚɟ ɚɥɝɨɪɢɬɦ ɡɚɜɟɪɲɚɟɬ ɫɜɨɸ ɪɚɛɨɬɭ. 
3) ɜɵɛɨɪ ɩɨɞɦɧɨɠɟɫɬɜɚ ɞɥɹ ɜɟɬɜɥɟɧɢɹ ɢɡ ɩɨɥɭɱɟɧɧɨɝɨ ɫɩɢɫɤɚ ɤɚɧɞɢɞɚɬɨɜ. 
ȼɵɱɢɫɥɟɧɢɟ «ɜɟɪɯɧɟɣ» ɢ «ɧɢɠɧɟɣ» ɨɰɟɧɤɢ. ȼ ɫɥɭɱɚɟ, ɤɨɝɞɚ «ɜɟɪɯɧɹɹ» ɨɰɟɧɤɚ 
ɛɨɥɶɲɟ (ɦɟɧɶɲɟ) ɡɧɚɱɟɧɢɹ ɪɟɤɨɪɞɚ ɩɪɢ ɪɚɫɫɦɨɬɪɟɧɢɢ ɡɚɞɚɱɢ ɦɚɤɫɢɦɢɡɚɰɢɢ 
(ɦɢɧɢɦɢɡɚɰɢɢ), ɩɪɨɢɫɯɨɞɢɬ ɪɚɡɛɢɟɧɢɟ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ ɩɨɞɦɧɨɠɟɫɬɜɚ 
ɚɧɚɥɨɝɢɱɧɨ ɲɚɝɭ 2 ɫ ɩɨɫɥɟɞɭɸɳɢɦ ɨɛɧɨɜɥɟɧɢɟɦ ɫɩɢɫɤɚ ɤɚɧɞɢɞɚɬɨɜ ɧɚ 
ɜɟɬɜɥɟɧɢɟ. ȼ ɩɪɨɬɢɜɧɨɦ ɫɥɭɱɚɟ, ɜɟɬɜɥɟɧɢɟ ɞɥɹ ɞɚɧɧɨɝɨ ɩɨɞɦɧɨɠɟɫɬɜɚ 
ɡɚɜɟɪɲɚɟɬɫɹ. 
4) ɨɛɧɨɜɥɟɧɢɟ ɡɧɚɱɟɧɢɹ ɪɟɤɨɪɞɚ ɩɨ ɧɟɨɛɯɨɞɢɦɨɫɬɢ. 
5) ɨɬɫɟɢɜɚɧɢɟ ɦɧɨɠɟɫɬɜ, ɧɟ ɫɨɞɟɪɠɚɳɢɯ ɨɩɬɢɦɚɥɶɧɵɟ ɪɟɲɟɧɢɹ, ɢ 
ɩɪɨɜɟɪɤɚ ɩɪɢɡɧɚɤɚ ɨɩɬɢɦɚɥɶɧɨɫɬɢ. ɉɟɪɟɯɨɞ ɤ ɲɚɝɭ 3. 
Ɍɚɤɠɟ ɜɨɡɦɨɠɧɨ ɫɨɜɦɟɫɬɧɨɟ ɩɪɢɦɟɧɟɧɢɟ ɧɟɫɤɨɥɶɤɢɯ ɩɨɞɯɨɞɨɜ, ɧɚɩɪɢɦɟɪ, 
ɦɟɬɨɞɚ ɜɟɬɜɟɣ ɢ ɝɪɚɧɢɰ ɢ ɤɨɧɰɟɩɰɢɢ ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ. Ɍɚɤɢɟ 
ɩɨɞɯɨɞɵ ɧɚɡɵɜɚɸɬ ɤɨɦɛɢɧɢɪɨɜɚɧɧɵɦɢ. 
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1.4 ɗɜɪɢɫɬɢɱɟɫɤɢɟ ɚɥɝɨɪɢɬɦɵ 
 
ɗɜɪɢɫɬɢɱɟɫɤɢɦɢ ɧɚɡɵɜɚɸɬ ɬɚɤɢɟ ɚɥɝɨɪɢɬɦɵ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ, 
ɩɪɚɜɢɥɶɧɨɫɬɶ ɤɨɬɨɪɵɯ ɞɥɹ ɜɫɟɯ ɜɨɡɦɨɠɧɵɯ ɫɥɭɱɚɟɜ ɧɟ ɞɨɤɚɡɚɧɚ, ɧɨ ɢɡɜɟɫɬɧɨ, ɱɬɨ 
ɛɨɥɶɲɢɧɫɬɜɨ ɩɨɥɭɱɟɧɧɵɯ ɪɟɲɟɧɢɣ ɞɨɫɬɚɬɨɱɧɨ ɯɨɪɨɲɢɟ. Ɇɨɠɟɬ ɛɵɬɶ ɞɚɠɟ 
ɢɡɜɟɫɬɧɨ (ɬɨ ɟɫɬɶ ɞɨɤɚɡɚɧɨ), ɱɬɨ ɷɜɪɢɫɬɢɱɟɫɤɢɣ ɚɥɝɨɪɢɬɦ ɮɨɪɦɚɥɶɧɨ ɧɟɜɟɪɟɧ. 
ȿɝɨ ɜɫɟ ɪɚɜɧɨ ɦɨɠɧɨ ɩɪɢɦɟɧɹɬɶ, ɟɫɥɢ ɪɟɡɭɥɶɬɚɬ ɬɨɥɶɤɨ ɜ ɨɬɞɟɥɶɧɵɯ, ɞɨɫɬɚɬɨɱɧɨ 
ɪɟɞɤɢɯ ɢ ɯɨɪɨɲɨ ɜɵɞɟɥɹɟɦɵɯ ɫɥɭɱɚɹɯ ɧɟɜɟɪɟɧ ɢɥɢ ɠɟ ɧɟɬɨɱɟɧ, ɧɨ ɜɫɟ ɠɟ 
ɩɪɢɟɦɥɟɦ. 
Ⱦɪɭɝɢɦɢ ɫɥɨɜɚɦɢ, ɷɬɨ ɧɟ ɩɨɥɧɨɫɬɶɸ ɦɚɬɟɦɚɬɢɱɟɫɤɢ ɨɛɨɫɧɨɜɚɧɧɵɟ (ɢɥɢ 
ɞɚɠɟ «ɧɟ ɫɨɜɫɟɦ ɤɨɪɪɟɤɬɧɵɟ»), ɧɨ ɩɪɢ ɷɬɨɦ ɩɪɚɤɬɢɱɟɫɤɢ ɩɨɥɟɡɧɵɟ ɚɥɝɨɪɢɬɦɵ. 
ɋɥɟɞɭɟɬ ɨɛɪɚɬɢɬɶ ɜɧɢɦɚɧɢɟ ɧɚ ɬɨ, ɱɬɨ ɷɜɪɢɫɬɢɱɟɫɤɢɣ ɚɥɝɨɪɢɬɦ, ɜ ɨɬɥɢɱɢɟ 
ɨɬ ɤɨɪɪɟɤɬɧɨɝɨ ɚɥɝɨɪɢɬɦɚ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ, ɨɛɥɚɞɚɟɬ ɫɥɟɞɭɸɳɢɦɢ 
ɨɫɨɛɟɧɧɨɫɬɹɦɢ: 
- ɧɟ ɝɚɪɚɧɬɢɪɭɟɬ ɧɚɯɨɠɞɟɧɢɟ ɥɭɱɲɟɝɨ ɪɟɲɟɧɢɹ; 
- ɧɟ ɝɚɪɚɧɬɢɪɭɟɬ ɧɚɯɨɠɞɟɧɢɟ ɪɟɲɟɧɢɹ, ɞɚɠɟ ɟɫɥɢ ɨɧɨ ɡɚɜɟɞɨɦɨ ɫɭɳɟɫɬɜɭɟɬ 
(ɜɨɡɦɨɠɟɧ «ɩɪɨɩɭɫɤ ɰɟɥɢ»); 
- ɦɨɠɟɬ ɞɚɬɶ ɧɟɜɟɪɧɨɟ ɪɟɲɟɧɢɟ ɜ ɧɟɤɨɬɨɪɵɯ ɫɥɭɱɚɹɯ. 
ɗɜɪɢɫɬɢɱɟɫɤɢɟ ɚɥɝɨɪɢɬɦɵ ɲɢɪɨɤɨ ɩɪɢɦɟɧɹɸɬɫɹ ɞɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱ 
ɜɵɫɨɤɨɣ ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ ɫɥɨɠɧɨɫɬɢ (ɡɚɞɚɱɢ, ɩɪɢɧɚɞɥɟɠɚɳɢɟ ɤɥɚɫɫɭ NP), ɬɨ 
ɟɫɬɶ ɜɦɟɫɬɨ ɩɨɥɧɨɝɨ ɩɟɪɟɛɨɪɚ ɜɚɪɢɚɧɬɨɜ, ɡɚɧɢɦɚɸɳɟɝɨ ɫɭɳɟɫɬɜɟɧɧɨɟ ɜɪɟɦɹ, ɚ 
ɢɧɨɝɞɚ ɬɟɯɧɢɱɟɫɤɢ ɧɟɜɨɡɦɨɠɧɨɝɨ, ɩɪɢɦɟɧɹɟɬɫɹ ɡɧɚɱɢɬɟɥɶɧɨ ɛɨɥɟɟ ɛɵɫɬɪɵɣ, ɧɨ 
ɧɟɞɨɫɬɚɬɨɱɧɨ ɨɛɨɫɧɨɜɚɧɧɵɣ ɬɟɨɪɟɬɢɱɟɫɤɢ ɚɥɝɨɪɢɬɦ.  
Ɉɞɧɚɤɨ ɷɜɪɢɫɬɢɱɟɫɤɢɟ ɚɥɝɨɪɢɬɦɵ ɢɦɟɸɬ ɩɪɟɢɦɭɳɟɫɬɜɚ ɩɟɪɟɞ ɞɪɭɝɢɦɢ 
ɚɥɝɨɪɢɬɦɚɦɢ ɩɪɢ ɨɱɟɧɶ ɛɨɥɶɲɢɯ ɪɚɡɦɟɪɧɨɫɬɹɯ ɡɚɞɚɱ ɢ ɨɬɫɭɬɫɬɜɢɢ 
ɭɩɨɪɹɞɨɱɟɧɧɨɫɬɢ ɜ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ, ɤɨɝɞɚ ɚɥɶɬɟɪɧɚɬɢɜɨɣ ɢɦ ɹɜɥɹɟɬɫɹ ɦɟɬɨɞ 
ɩɨɥɧɨɝɨ ɩɟɪɟɛɨɪɚ ɜɚɪɢɚɧɬɨɜ. Ƚɥɚɜɧɵɦ ɩɪɟɢɦɭɳɟɫɬɜɨɦ ɹɜɥɹɟɬɫɹ ɬɨ, ɱɬɨ ɨɧɢ 
ɦɨɝɭɬ ɩɪɢɦɟɧɹɬɶɫɹ ɞɥɹ ɪɟɲɟɧɢɹ ɫɥɨɠɧɵɯ ɧɟɮɨɪɦɚɥɢɡɨɜɚɧɧɵɯ ɡɚɞɚɱ, ɞɥɹ 
ɤɨɬɨɪɵɯ ɧɟ ɪɚɡɪɚɛɨɬɚɧɨ ɫɩɟɰɢɚɥɶɧɵɯ ɦɟɬɨɞɨɜ, ɬ.ɟ. ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɪɟɲɟɧɢɟ 
ɧɟɫɬɚɧɞɚɪɬɧɵɯ ɩɪɨɛɥɟɦ. 
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Ʉ ɱɢɫɥɭ ɷɜɪɢɫɬɢɱɟɫɤɢɯ ɦɟɬɨɞɨɜ ɨɩɬɢɦɢɡɚɰɢɢ ɨɬɧɨɫɹɬ ɚɥɝɨɪɢɬɦ ɢɦɢɬɚɰɢɢ 
ɨɬɠɢɝɚ, ɝɟɧɟɬɢɱɟɫɤɢɟ ɚɥɝɨɪɢɬɦɵ, ɷɜɨɥɸɰɢɨɧɧɵɟ ɢ ɩɨɜɟɞɟɧɱɟɫɤɢɟ ɫɬɪɚɬɟɝɢɢ ɢ 
ɬɚɤ ɞɚɥɟɟ. 
 
1.5 Ɂɚɞɚɱɢ ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɬɢɩɚ 
 
Ɂɚɞɚɱɢ ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɬɢɩɚ ɫɨɫɬɚɜɥɹɸɬ ɫɩɟɰɢɚɥɶɧɵɣ ɢ ɞɨɜɨɥɶɧɨ 
ɨɛɲɢɪɧɵɣ ɤɥɚɫɫ ɡɚɞɚɱ ɥɢɧɟɣɧɨɝɨ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ.  
ȼɨɡɧɢɤɚɸɳɚɹ ɜ ɪɚɡɥɢɱɧɵɯ ɩɪɟɞɦɟɬɧɵɯ ɨɛɥɚɫɬɹɯ ɩɪɨɛɥɟɦɚ ɡɚɤɥɸɱɚɟɬɫɹ ɜ 
ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɜɵɛɨɪɚ ɨɩɬɢɦɚɥɶɧɨɝɨ ɫɩɨɫɨɛɚ ɬɪɚɧɫɩɨɪɬɢɪɨɜɤɢ ɧɟɤɨɬɨɪɨɝɨ 
ɩɪɨɞɭɤɬɚ ɢɡ ɨɞɧɨɝɨ ɢɥɢ ɧɟɫɤɨɥɶɤɢɯ ɢɫɬɨɱɧɢɤɨɜ ɦɧɨɠɟɫɬɜɭ ɫɬɨɤɨɜ. 
ȼɩɟɪɜɵɟ ɩɪɨɛɥɟɦɚ ɛɵɥɚ ɮɨɪɦɚɥɢɡɨɜɚɧɚ ɮɪɚɧɰɭɡɫɤɢɦ ɦɚɬɟɦɚɬɢɤɨɦ 
Ƚɚɫɩɚɪɨɦ Ɇɨɧɠɟɦ ɜ 1781 ɝɨɞɭ.  ȼ 1920-ɯ Ⱥ.ɇ. Ɍɨɥɫɬɨɣ ɛɵɥ ɨɞɧɢɦ ɢɡ ɩɟɪɜɵɯ, ɤɬɨ 
ɡɚɧɢɦɚɥɫɹ ɟɟ ɪɟɲɟɧɢɟɦ. Ɏɨɪɦɢɪɨɜɚɧɢɸ ɤɥɚɫɫɚ ɡɚɞɚɱ ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɬɢɩɚ 
ɫɩɨɫɨɛɫɬɜɨɜɚɥɢ ɪɚɛɨɬɵ Ɏ.Ʌ. ɏɢɱɤɨɤɚ, Ʌ.ȼ. Ʉɚɧɬɨɪɨɜɢɱɚ [11] ɢ Ɇ.Ʉ. Ƚɚɜɭɪɢɧɚ. 
ɇɚɱɢɧɚɹ ɫ ɪɚɛɨɬ Ⱦɠ. Ⱦɚɧɰɢɝɚ ɜɟɞɭɬɫɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨ ɨɩɪɟɞɟɥɟɧɢɸ 
ɦɚɤɫɢɦɚɥɶɧɨɣ ɩɪɨɩɭɫɤɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ (ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɩɨɬɨɤɚ), ɩɨɬɨɤɚ 
ɦɢɧɢɦɚɥɶɧɨɣ ɫɬɨɢɦɨɫɬɢ ɜ ɫɟɬɢ ɢ ɪɟɲɟɧɢɸ ɞɪɭɝɢɯ ɡɚɞɚɱ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ 
ɨɛɥɚɫɬɢ. 
ɇɟɦɚɥɨ ɪɚɛɨɬ ɩɨɫɜɹɳɟɧɵ ɢɫɫɥɟɞɨɜɚɧɢɸ ɡɚɞɚɱ ɨɩɬɢɦɢɡɚɰɢɢ 
ɬɟɥɟɤɨɦɦɭɧɢɤɚɰɢɨɧɧɵɯ ɫɟɬɟɣ [6, 10, 37]. 
Ʉɥɚɫɫɢɱɟɫɤɢɟ ɦɨɞɟɥɢ ɬɟɨɪɢɢ ɨɩɬɢɦɢɡɚɰɢɢ ɬɟɥɟɤɨɦɦɭɧɢɤɚɰɢɨɧɧɵɯ ɫɟɬɟɣ 
ɢɫɩɨɥɶɡɭɸɬ ɦɚɬɪɢɰɭ ɩɨɬɪɟɛɧɨɫɬɟɣ (ɢɥɢ ɧɚɝɪɭɡɤɢ), ɤɨɬɨɪɚɹ ɫɨɞɟɪɠɢɬ ɞɚɧɧɵɟ ɨ 
ɤɨɥɢɱɟɫɬɜɟ ɢɧɮɨɪɦɚɰɢɢ, ɩɟɪɟɞɚɜɚɟɦɨɣ ɦɟɠɞɭ ɭɡɥɚɦɢ ɫɟɬɢ, ɢ ɧɟɤɨɬɨɪɭɸ 
ɮɭɧɤɰɢɸ, ɡɚɜɢɫɹɳɭɸ ɨɬ ɜɟɥɢɱɢɧɵ ɡɚɞɟɪɠɤɢ ɩɚɤɟɬɚ, ɜ ɤɚɱɟɫɬɜɟ ɤɪɢɬɟɪɢɹ 
ɨɩɬɢɦɢɡɚɰɢɢ.  
ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɦɨɞɟɥɶ, ɨɬɥɢɱɚɸɳɚɹɫɹ ɧɟɤɨɬɨɪɵɦ 
ɨɛɪɚɡɨɦ ɨɬ ɤɥɚɫɫɢɱɟɫɤɢɯ. 
ȼɨ-ɩɟɪɜɵɯ, ɜ ɦɨɞɟɥɢ ɧɟ ɢɫɩɨɥɶɡɭɟɬɫɹ ɦɚɬɪɢɰɚ ɩɨɬɪɟɛɧɨɫɬɟɣ. ɗɬɨ 
ɨɛɭɫɥɨɜɥɟɧɨ ɩɨɹɜɥɟɧɢɟɦ ɛɟɡɥɢɦɢɬɧɵɯ ɬɚɪɢɮɨɜ ɫ ɮɢɤɫɢɪɨɜɚɧɧɨɣ ɚɛɨɧɟɧɬɫɤɨɣ 
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ɩɥɚɬɨɣ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɬɪɟɛɨɜɚɧɢɹ, ɡɚɞɚɜɚɟɦɵɟ ɦɚɬɪɢɰɟɣ ɩɨɬɪɟɛɧɨɫɬɢ, ɛɨɥɶɲɟ ɧɟ 
ɚɤɬɭɚɥɶɧɵ. 
ȼɨ-ɜɬɨɪɵɯ, ɜɦɟɫɬɨ ɨɞɧɨɝɨ ɢɡ ɤɪɢɬɟɪɢɟɜ ɨɩɬɢɦɚɥɶɧɨɫɬɢ – ɮɭɧɤɰɢɢ 
ɡɚɞɟɪɠɤɢ ɩɚɤɟɬɚ – ɢɫɩɨɥɶɡɭɟɬɫɹ ɦɚɤɫɢɦɚɥɶɧɚɹ ɩɪɨɩɭɫɤɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɫɟɬɢ. Ɂɚ 
ɩɨɫɥɟɞɧɢɣ ɞɟɫɹɬɨɤ ɥɟɬ ɩɪɨɩɭɫɤɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɤɚɧɚɥɨɜ ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ 
ɭɜɟɥɢɱɢɥɚɫɶ ɜ ɧɟɫɤɨɥɶɤɨ ɪɚɡ, ɚ ɪɚɡɦɟɪɵ ɫɟɬɟɜɵɯ ɩɚɤɟɬɨɜ ɨɫɬɚɥɢɫɶ ɩɪɟɠɧɢɦɢ. 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɤɨɧɰɟɩɰɢɸ ɩɨɬɨɤɨɜ ɞɥɹ 
ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɟɪɟɞɚɱɢ ɫɟɬɟɜɵɯ ɩɚɤɟɬɨɜ. 
ȼ-ɬɪɟɬɶɢɯ, ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɩɪɨɟɤɬɢɪɨɜɨɱɧɨɝɨ ɪɟɲɟɧɢɹ ɨɰɟɧɢɜɚɟɬɫɹ ɩɨ 
ɡɧɚɱɟɧɢɸ ɧɟ ɨɞɧɨɝɨ, ɚ ɞɜɭɯ ɤɪɢɬɟɪɢɟɜ ɢ ɢɳɟɬɫɹ ɧɟ ɨɞɢɧ, ɚ ɦɧɨɠɟɫɬɜɨ 
ɚɥɶɬɟɪɧɚɬɢɜɧɵɯ ɜɚɪɢɚɧɬɨɜ. ɗɬɨ ɨɬɥɢɱɢɟ ɨɛɭɫɥɨɜɥɟɧɨ ɬɟɦ, ɱɬɨ ɜ ɪɟɝɥɚɦɟɧɬɟ 
ɋɢɛɢɪɫɤɨɝɨ ɛɚɧɤɚ ɩɪɨɩɢɫɚɧɵ ɩɪɨɰɟɞɭɪɵ ɭɜɹɡɤɢ ɬɟɯɧɢɱɟɫɤɢɯ ɪɟɲɟɧɢɣ ɫ 
ɡɚɬɪɚɬɚɦɢ ɧɚ ɢɯ ɪɟɚɥɢɡɚɰɢɸ ɢ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɦɧɨɠɟɫɬɜɚ ɚɥɶɬɟɪɧɚɬɢɜɧɵɯ 
ɜɚɪɢɚɧɬɨɜ ɩɪɢ ɜɵɛɨɪɟ ɩɥɚɧɚ ɦɨɞɟɪɧɢɡɚɰɢɢ. 
 
1.6 Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɫɟɬɢ ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ. Ɇɟɬɨɞɵ ɨɩɬɢɦɢɡɚɰɢɢ 
 
ɇɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɜ ɦɨɞɟɥɢɪɨɜɚɧɢɢ ɋɉȾ ɲɢɪɨɤɨ ɩɪɢɦɟɧɹɸɬɫɹ 
ɷɥɟɦɟɧɬɵ ɬɟɨɪɢɢ ɝɪɚɮɨɜ, ɩɨɧɹɬɢɟ ɩɨɬɨɤɚ ɜ ɫɟɬɹɯ ɢ ɫɢɫɬɟɦɵ ɫ ɨɱɟɪɟɞɹɦɢ [12]. 
Ɍɨɩɨɥɨɝɢɹ ɫɟɬɢ ɨɩɢɫɵɜɚɟɬɫɹ ɝɪɚɮɨɦ ܩ = ሺ𝑉, ܧሻ, ɝɞɟ ɦɧɨɠɟɫɬɜɨ ɜɟɪɲɢɧ 𝑉 = {ݒଵ, … , ݒ௡} – ɷɬɨ ɭɡɥɵ ɤɨɦɦɭɬɚɰɢɢ ɫɟɬɢ, ɦɧɨɠɟɫɬɜɨ ɪɟɛɟɪ ܧ = {݁ଵ, … , ݁௠} – 
ɤɚɧɚɥɵ ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɟɫɹ ɩɪɨɩɭɫɤɧɨɣ ɫɩɨɫɨɛɧɨɫɬɶɸ ܿ௞  ሺ݇ = ͳ,ʹ, … , ݉ሻ ɢ ɢɧɬɟɧɫɢɜɧɨɫɬɶɸ ɩɨɬɨɤɨɜ ௞݂  ሺ݇ = ͳ,ʹ, … , ݉ሻ, 𝛾 – ɫɭɦɦɚɪɧɵɣ 
ɬɪɚɮɢɤ ɩɨ ɫɟɬɢ [12]. ɉɪɟɞɥɚɝɚɟɬɫɹ ɨɰɟɧɤɚ ɫɪɟɞɧɟɣ ɡɚɞɟɪɠɤɢ ɫɨɨɛɳɟɧɢɣ ɧɚ 
ɤɚɧɚɥɚɯ ɩɪɢ ɩɟɪɟɞɚɱɟ: 
 ܶ = ͳ𝛾 ∑ ௞݂ܿ௞ − ௞݂௠௞=ଵ . (3) 
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Ɏɨɪɦɭɥɢɪɨɜɤɚ ɡɚɞɚɱɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɫɟɬɢ ɡɜɭɱɢɬ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: 
ɡɚɞɚɧɵ ɦɧɨɠɟɫɬɜɚ ɤɨɦɦɭɧɢɤɚɰɢɨɧɧɵɯ ɭɡɥɨɜ 𝑉 = {ݒଵ, … , ݒ௡} ɢ ɦɚɬɪɢɰɚ ɜɧɟɲɧɟɣ 
ɧɚɝɪɭɡɤɢ Г = ሺ𝛾௜,௝ሻ, ɤɨɬɨɪɚɹ ɨɛɟɫɩɟɱɢɜɚɟɬ ɡɚɞɚɧɧɭɸ ɫɜɹɡɧɨɫɬɶ ɝɪɚɮɚ ܩ = ሺ𝑉, ܧሻ 
ɢ ɦɢɧɢɦɢɡɢɪɭɟɬ ɫɭɦɦɚɪɧɭɸ ɫɬɨɢɦɨɫɬɶ ɫɟɬɢ ɩɪɢ ɨɝɪɚɧɢɱɟɧɢɢ ɫɪɟɞɧɟɣ ɡɚɞɟɪɠɤɢ 
ɧɚ ɤɚɧɚɥɚɯ ɫɜɹɡɢ. 
Ⱦɥɹ ɪɟɲɟɧɢɹ ɞɚɧɧɨɣ ɡɚɞɚɱɢ ɫɭɳɟɫɬɜɭɟɬ ɪɹɞ ɦɟɬɨɞɨɜ: ɜɨɝɧɭɬɵɣ ɦɟɬɨɞ 
ɭɞɚɥɟɧɢɹ ɪɟɛɟɪ (ȼɆɍɊ) [10, 12], ɦɟɬɨɞ ɝɪɭɩɩɨɜɨɣ ɨɩɬɢɦɢɡɚɰɢɢ ɢ ɢɬɟɪɚɬɢɜɧɵɣ 
ɚɥɝɨɪɢɬɦ Ɇ-ɫɬɪɭɤɬɭɪ [10] ɢ ɞɪɭɝɢɟ. 
 
1.7 ȼɵɜɨɞɵ ɩɨ ɝɥɚɜɟ 1 
 
ȼ ɝɥɚɜɟ ɛɵɥɢ ɞɚɧɵ ɨɛɳɢɟ ɫɜɟɞɟɧɢɹ ɨ ɡɚɞɚɱɚɯ ɆɄɈ, ɡɚɞɚɱɚɯ ɬɪɚɧɫɩɨɪɬɧɨɝɨ 
ɬɢɩɚ, ɚ ɬɚɤɠɟ ɩɪɨɜɟɞɟɧ ɨɛɡɨɪ ɧɟɤɨɬɨɪɵɯ ɩɨɞɯɨɞɨɜ ɤ ɢɯ ɪɟɲɟɧɢɸ. Ɋɚɫɫɦɨɬɪɟɧɚ 
ɨɛɳɚɹ ɦɨɞɟɥɶ ɢ ɧɟɤɨɬɨɪɵɟ ɦɟɬɨɞɵ ɨɩɬɢɦɢɡɚɰɢɢ ɋɉȾ. 
 
2 Ɇɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ, ɡɚɞɚɱɚ ɢ ɚɥɝɨɪɢɬɦɵ ɨɩɬɢɦɢɡɚɰɢɢ ɫɟɬɢ 
ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ 
 
2.1 ɋɬɪɭɤɬɭɪɚ ɫɟɬɢ ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ ɛɚɧɤɚ 
 
Ɉɫɧɨɜɧɵɦɢ ɩɨɫɬɚɜɳɢɤɚɦɢ ɬɟɥɟɤɨɦɦɭɧɢɤɚɰɢɨɧɧɵɯ ɭɫɥɭɝ ɞɥɹ ɋɢɛɢɪɫɤɨɝɨ 
ɛɚɧɤɚ, ɪɚɛɨɬɚɸɳɢɦɢ ɧɚ ɬɟɪɪɢɬɨɪɢɢ ɋɢɛɢɪɫɤɨɝɨ ɮɟɞɟɪɚɥɶɧɨɝɨ ɨɤɪɭɝɚ ɹɜɥɹɸɬɫɹ 
«Ɋɨɫɬɟɥɟɤɨɦ», «Ɇɟɝɚɮɨɧ» ɢ «ɌɪɚɧɫɌɟɥɟɄɨɦ». Ȼɚɧɤ ɚɪɟɧɞɭɟɬ ɜɵɫɨɤɨɫɤɨɪɨɫɬɧɵɟ 
ɤɚɧɚɥɵ ɫɜɹɡɢ ɩɨ ɛɟɡɥɢɦɢɬɧɨɦɭ ɬɚɪɢɮɭ. 
Ɍɢɩɨɜɚɹ ɫɯɟɦɚ ɩɨɞɤɥɸɱɟɧɢɹ ɨɬɞɟɥɟɧɢɣ ɛɚɧɤɚ, ɬɟɪɦɢɧɚɥɨɜ ɢ ɛɚɧɤɨɦɚɬɨɜ ɤ 
ɰɟɧɬɪɭ ɨɛɪɚɛɨɬɤɢ ɞɚɧɧɵɯ (ɐɈȾ) ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 1. ȼ ɤɚɱɟɫɬɜɟ ɩɪɢɦɟɪɚ 
ɧɚ ɪɢɫɭɧɤɟ ȼ.1 ɩɪɟɞɫɬɚɜɥɟɧɚ ɝɟɨɝɪɚɮɢɱɟɫɤɚɹ ɤɚɪɬɚ ɱɚɫɬɢ Ɋɟɫɩɭɛɥɢɤɢ ɏɚɤɚɫɢɢ ɫ 
ɧɚɧɟɫɟɧɧɵɦɢ ɧɚ ɧɟɟ ɭɡɥɚɦɢ ɤɨɦɦɭɬɚɰɢɢ, ɚɪɟɧɞɨɜɚɧɧɵɦɢ ɛɚɧɤɨɦ ɤɚɧɚɥɚɦɢ ɢ 




Ɋɢɫɭɧɨɤ 1 – Ɍɢɩɨɜɚɹ ɫɯɟɦɚ ɩɨɞɤɥɸɱɟɧɢɹ 
 
2.2 Ɇɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɫɟɬɢ ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ 
 
ɉɪɨɰɟɞɭɪɚ ɨɩɬɢɦɢɡɚɰɢɢ ɛɚɡɢɪɭɟɬɫɹ ɧɚ ɦɨɞɟɥɢ ɋɉȾ, ɨɫɧɨɜɚɧɧɨɣ ɧɚ 
ɤɥɚɫɫɢɱɟɫɤɢɯ ɩɨɬɨɤɨɜɵɯ ɦɨɞɟɥɹɯ [15, 34].  
ɋɭɳɟɫɬɜɭɸɳɭɸ ɋɉȾ ɡɚɞɚɟɬ ɨɪɢɟɧɬɢɪɨɜɚɧɧɵɣ ɚɰɢɤɥɢɱɟɫɤɢɣ ɝɪɚɮ ܩ =ሺ𝑉, ܧሻ (𝑉 ɢ ܧ - ɦɧɨɠɟɫɬɜɚ ɜɟɪɲɢɧ ɢ ɪɟɛɟɪ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ). ȼɟɪɲɢɧɚɦ 
ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɭɡɥɨɜɵɟ ɷɥɟɦɟɧɬɵ ɫɟɬɢ (ɦɚɪɲɪɭɬɢɡɚɬɨɪɵ). Ʉɚɠɞɨɟ ɪɟɛɪɨ ሺݑ, ݒሻ אܧ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɩɨɥɨɠɢɬɟɥɶɧɨɣ ɩɪɨɩɭɫɤɧɨɣ ɫɩɨɫɨɛɧɨɫɬɶɸ ܿሺݑ, ݒሻ, 
ɨɛɭɫɥɨɜɥɟɧɧɨɣ ɬɟɯɧɢɱɟɫɤɨɣ ɫɩɟɰɢɮɢɤɚɰɢɟɣ ɤɨɧɤɪɟɬɧɨɝɨ ɤɚɧɚɥɚ ɩɟɪɟɞɚɱɢ 
ɞɚɧɧɵɯ. ȼ ɝɪɚɮɟ ɜɵɞɟɥɹɸɬɫɹ ɢɫɬɨɱɧɢɤ ɢɧɮɨɪɦɚɰɢɢ s ɢ ɫɬɨɤ t. Ɉɧɢ ɦɨɝɭɬ ɛɵɬɶ 
ɤɚɤ ɪɟɚɥɶɧɵɟ, ɬɚɤ ɢ ɮɢɤɬɢɜɧɵɟ. 
Ⱦɥɹ ɨɩɢɫɚɧɢɹ ɤɚɧɚɥɨɜ ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ, ɤɨɬɨɪɵɟ ɩɪɟɞɥɚɝɚɟɬ ɩɪɨɜɚɣɞɟɪ ɤ 
ɚɪɟɧɞɟ, ɡɚɞɚɟɬɫɹ ɦɧɨɠɟɫɬɜɨ ɪɟɛɟɪ ܧ′ ሺܧ ת ܧ′ = ׎ሻ. Ⱦɥɹ ɤɚɠɞɨɝɨ ሺݑ, ݒሻ א ܧ′ 
ɢɡɜɟɫɬɧɚ ɩɪɨɩɭɫɤɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ܿ′ሺݑ, ݒሻ ɢ ɫɬɨɢɦɨɫɬɶ ɚɪɟɧɞɵ 𝑝′ሺݑ, ݒሻ. 
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Ɏɭɧɤɰɢɹ ɩɨɬɨɤɚ ?݂?: 𝑉 × 𝑉 → ℝ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɦɨɞɟɥɶ ɩɪɨɰɟɫɫɚ 
ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ ɜ ɫɟɬɢ. ȼɟɥɢɱɢɧɚ ?݂?ሺݑ, ݒሻ ɩɨɤɚɡɵɜɚɟɬ ɤɨɥɢɱɟɫɬɜɨ ɢɧɮɨɪɦɚɰɢɢ, 
ɩɟɪɟɞɚɧɧɨɟ ɜ ɟɞɢɧɢɰɭ ɜɪɟɦɟɧɢ ɩɨ ɤɚɧɚɥɭ ɫɜɹɡɢ ɦɟɠɞɭ ɭɡɥɚɦɢ ݑ ɢ ݒ. Ɏɭɧɤɰɢɹ ?݂?  
ɞɨɥɠɧɚ ɭɞɨɜɥɟɬɜɨɪɹɬɶ ɭɫɥɨɜɢɹɦ: 
- ɨɝɪɚɧɢɱɟɧɧɨɫɬɶ ɩɪɨɩɭɫɤɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ: ∀ݑ, ݒ א 𝑉: ?݂?ሺݑ, ݒሻ ൑ ܿሺݑ, ݒሻ; 
- ɚɧɬɢɫɢɦɦɟɬɪɢɱɧɨɫɬɶ: ∀ݑ, ݒ א 𝑉: ?݂?ሺݑ, ݒሻ =  − ?݂?ሺݑ, ݒሻ; 
- ɫɨɯɪɚɧɟɧɢɟ ɩɨɬɨɤɚ: ∀ݑ א 𝑉 ך {ݏ, ݐ}: ∑ ?݂?ሺݑ, ݒሻ௩א𝑉 = Ͳ. 
ɑɟɪɟɡ ɮɭɧɤɰɢɸ | ?݂?| ɨɛɨɡɧɚɱɚɟɬɫɹ ɜɟɥɢɱɢɧɚ ɩɨɬɨɤɚ ɜ ɝɪɚɮɟ ܩ. Ɉɧɚ 
ɩɨɤɚɡɵɜɚɟɬ ɤɨɥɢɱɟɫɬɜɨ ɢɧɮɨɪɦɚɰɢɢ, ɩɟɪɟɞɚɜɚɟɦɨɟ ɢɡ ɢɫɬɨɱɧɢɤɚ ɜ ɫɬɨɤ ɜ 
ɟɞɢɧɢɰɭ ɜɪɟɦɟɧɢ. Ɏɭɧɤɰɢɹ | ?݂?| ɜɵɱɢɫɥɹɟɬɫɹ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: 
 | ?݂?| =  ∑ ?݂?ሺs, vሻ.௩א𝑉  (4) 
 
Ɇɚɤɫɢɦɚɥɶɧɭɸ ɜɟɥɢɱɢɧɭ ɩɨɬɨɤɚ ɜ ɝɪɚɮɟ ܩ ɫɪɟɞɢ ɜɫɟɯ ɜɨɡɦɨɠɧɵɯ 
ɡɧɚɱɟɧɢɣ ?݂? ɨɛɨɡɧɚɱɚɸɬ |ܨ𝐺|. 
ȼɨɡɦɨɠɧɵɦ ɩɥɚɧɨɦ ɚɪɟɧɞɵ ɧɨɜɵɯ ɤɚɧɚɥɨɜ ɹɜɥɹɟɬɫɹ ɦɧɨɠɟɫɬɜɨ ɪɟɛɟɪ ܧכ 
ɬɚɤɨɟ, ɱɬɨ ܧכ ⊆  ܧ′. ȼ ɫɥɭɱɚɟ ɨɞɨɛɪɟɧɢɹ ɪɟɚɥɢɡɚɰɢɢ ɩɥɚɧɚ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ 
ɢɫɯɨɞɧɚɹ ɫɟɬɶ ɩɪɟɨɛɪɚɡɭɟɬɫɹ ɜ ɫɟɬɶ, ɱɬɨ ɨɩɢɫɵɜɚɟɬɫɹ ɝɪɚɮɨɦ ܩכ = ሺ𝑉, ܧ ׫ ܧכሻ.  
  
2.3 Ɂɚɞɚɱɚ ɨɩɬɢɦɢɡɚɰɢɢ ɫɟɬɢ ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ 
 
ȼ ɤɚɱɟɫɬɜɟ ɤɪɢɬɟɪɢɟɜ ɨɩɬɢɦɢɡɚɰɢɢ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɫɬɨɢɦɨɫɬɶ ɚɪɟɧɞɵ 
ɤɚɧɚɥɨɜ  
 ܳଵሺܧכሻ =  ∑ 𝑝′ሺݑ, ݒሻሺ௨,௩ሻאாכ  (5) 
 
ɢ ɜɟɥɢɱɢɧɚ ɦɚɤɫɢɦɚɥɶɧɨɣ ɩɪɨɩɭɫɤɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ ɫɟɬɢ, ɜɡɹɬɚɹ ɫɨ ɡɧɚɤɨɦ ɦɢɧɭɫ.  
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ܳଶሺܧכሻ =  ∑ ݂ሺݏ, ݒሻ௩א𝑉 . (6) 
 
Ɂɚɞɚɱɚ ɨɩɬɢɦɢɡɚɰɢɢ ɮɨɪɦɭɥɢɪɭɟɬɫɹ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: 
ɉɨ ɡɚɞɚɧɧɨɦɭ ɚɰɢɤɥɢɱɟɫɤɨɦɭ ɨɪɢɟɧɬɢɪɨɜɚɧɧɨɦɭ ɝɪɚɮɭ ܩ = ሺ𝑉, ܧሻ, 
ɦɧɨɠɟɫɬɜɭ ɪɟɛɟɪ ܧ′ ሺܧ ת ܧ′ = ׎ሻ, ɦɚɬɪɢɰɚɦ ɩɪɨɩɭɫɤɧɵɯ ɫɩɨɫɨɛɧɨɫɬɟɣ ܿሺݑ, ݒሻ ɢ ܿ′ሺݑ, ݒሻ ɢ ɦɚɬɪɢɰɟ ɫɬɨɢɦɨɫɬɢ ɚɪɟɧɞɵ ɪɟɛɟɪ 𝑝′ሺݑ, ݒሻ ɧɚɣɬɢ ɦɧɨɠɟɫɬɜɨ ɉɚɪɟɬɨ-
ɨɩɬɢɦɚɥɶɧɵɯ ɪɟɲɟɧɢɣ ɡɚɞɚɱɢ ɛɢɤɪɢɬɟɪɢɚɥɶɧɨɣ ɨɩɬɢɦɢɡɚɰɢɢ  
 minாכ ሺܳଵሺܧכሻሻ, minாכ (ܳଶሺܧכሻ). (7) 
 
ȼɵɛɨɪ ɞɚɧɧɵɯ ɤɪɢɬɟɪɢɟɜ ɨɩɬɢɦɢɡɚɰɢɢ ɢɦɟɟɬ ɪɹɞ ɩɪɢɱɢɧ. ȼ ɪɟɚɥɢɡɚɰɢɢ 
ɥɸɛɨɝɨ ɩɪɨɟɤɬɚ ɫɬɨɢɦɨɫɬɶ ɹɜɥɹɟɬɫɹ ɜɚɠɧɟɣɲɢɦ ɮɚɤɬɨɪɨɦ, ɚ ɜɟɥɢɱɢɧɚ ɚɪɟɧɞɧɨɣ 
ɩɥɚɬɵ, ɫ ɨɞɧɨɣ ɫɬɨɪɨɧɵ, ɜɵɫɬɭɩɚɟɬ ɤɚɤ ɨɝɪɚɧɢɱɟɧɢɟ ɜ ɜɢɞɟ ɛɸɞɠɟɬɚ, 
ɜɵɞɟɥɟɧɧɨɝɨ ɧɚ ɦɨɞɟɪɧɢɡɚɰɢɸ, ɚ ɫ ɞɪɭɝɨɣ – ɤɚɤ ɤɪɢɬɟɪɢɣ ɨɩɬɢɦɢɡɚɰɢɢ. 
Ɉɰɟɧɢɬɶ ɩɪɟɞɟɥɶɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɩɨɥɶɡɨɜɚɬɟɥɟɣ ɫɟɬɢ ɩɨɦɨɝɚɟɬ ɜɟɥɢɱɢɧɚ 
ɦɚɤɫɢɦɚɥɶɧɨɣ ɩɪɨɩɭɫɤɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɣ ɋɉȾ. ɗɬɚ 
ɢɧɮɨɪɦɚɰɢɹ ɩɨɥɟɡɧɚ ɩɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɧɨɜɵɯ ɨɬɞɟɥɟɧɢɣ ɛɚɧɤɚ, ɬɨɱɟɤ 
ɫɚɦɨɨɛɫɥɭɠɢɜɚɧɢɹ ɤɥɢɟɧɬɨɜ ɢ ɬ.ɩ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɛɚɧɤ ɫɬɪɟɦɢɬɫɹ ɤ 
ɤɚɱɟɫɬɜɟɧɧɨɦɭ ɢ ɛɵɫɬɪɨɦɭ ɨɛɫɥɭɠɢɜɚɧɢɸ ɤɥɢɟɧɬɨɜ. 
ɇɚɣɞɟɧɧɨɟ ɦɧɨɠɟɫɬɜɨ ɉɚɪɟɬɨ-ɨɩɬɢɦɚɥɶɧɵɯ ɪɟɲɟɧɢɣ ɩɨɡɜɨɥɢɬ 
ɩɪɨɟɤɬɢɪɨɜɳɢɤɚɦ ɨɬɞɟɥɚ ɫɢɫɬɟɦ ɫɜɹɡɢ ɢ ɬɟɥɟɤɨɦɦɭɧɢɤɚɰɢɣ ɜɵɛɢɪɚɬɶ ɦɟɠɞɭ 
ɛɨɥɟɟ ɜɵɫɨɤɢɦɢ ɡɚɬɪɚɬɚɦɢ ɧɚ ɦɨɞɟɪɧɢɡɚɰɢɸ, ɩɨɥɭɱɚɹ ɦɚɤɫɢɦɚɥɶɧɭɸ 
ɩɪɨɩɭɫɤɧɭɸ ɫɩɨɫɨɛɧɨɫɬɶ ɫɟɬɢ, ɢ ɡɧɚɱɢɬɟɥɶɧɨ ɦɟɧɶɲɢɦɢ, ɩɨɥɭɱɚɹ 
ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɦɟɧɶɲɭɸ ɩɪɨɩɭɫɤɧɭɸ ɫɩɨɫɨɛɧɨɫɬɶ.  
Ⱦɚɥɟɟ ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɫɭɳɟɫɬɜɭɸɳɢɟ ɦɟɬɨɞɵ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ 
ɨɩɬɢɦɢɡɚɰɢɢ ɋɉȾ, ɨɩɢɫɚɧɧɵɟ ɜ ɪɚɛɨɬɚɯ [2, 5, 6, 10, 16, 18, 19, 31, 37]. 
 
19 
2.4 Ɉɩɪɟɞɟɥɟɧɢɟ ɦɧɨɠɟɫɬɜɚ ɉɚɪɟɬɨ-ɨɩɬɢɦɚɥɶɧɵɯ ɪɟɲɟɧɢɣ ɡɚɞɚɱɢ 
ɨɩɬɢɦɢɡɚɰɢɢ ɫɟɬɢ ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ ɩɭɬɟɦ ɩɨɥɧɨɝɨ ɩɟɪɟɛɨɪɚ  
 
Ⱦɚɧɧɵɣ ɦɟɬɨɞ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɩɨɥɧɵɣ ɩɟɪɟɛɨɪ ɜɫɟɯ ɜɨɡɦɨɠɧɵɯ 
ɜɚɪɢɚɧɬɨɜ ɫɬɪɭɤɬɭɪɵ ɋɉȾ, ɝɞɟ ɞɥɹ ɤɚɠɞɨɣ ɫɟɬɢ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɦɚɤɫɢɦɚɥɶɧɚɹ 
ɩɪɨɩɭɫɤɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɢ ɫɬɨɢɦɨɫɬɶ ɚɪɟɧɞɵ ɧɨɜɵɯ ɤɚɧɚɥɨɜ. 
Ⱦɥɹ ɩɨɫɬɚɜɥɟɧɧɨɣ ɡɚɞɚɱɢ (5) ɞɨɤɚɡɚɧɨ, ɱɬɨ ɦɧɨɠɟɫɬɜɨ ɨɩɬɢɦɚɥɶɧɵɯ ɩɨ 
ɉɚɪɟɬɨ ɪɟɲɟɧɢɣ ɦɨɠɟɬ ɫɨɫɬɨɹɬɶ ɢɡ ɜɫɟɯ ɷɥɟɦɟɧɬɨɜ ɦɧɨɠɟɫɬɜɚ ɪɟɲɟɧɢɣ D, 
ɦɨɳɧɨɫɬɶ ɤɨɬɨɪɨɝɨ ɷɤɫɩɨɧɟɧɰɢɚɥɶɧɨ ɡɚɜɢɫɢɬ ɨɬ ɪɚɡɦɟɪɧɨɫɬɢ ɡɚɞɚɱɢ (ɤɨɥɢɱɟɫɬɜɚ 
ɪɟɛɟɪ ܧ′); ɞɨɤɚɡɚɧɚ NP-ɬɪɭɞɧɨɫɬɶ ɡɚɞɚɱɢ (5) ɧɚɯɨɠɞɟɧɢɹ ɜɫɟɝɨ ɦɧɨɠɟɫɬɜɚ 
ɨɩɬɢɦɚɥɶɧɵɯ ɩɨ ɉɚɪɟɬɨ ɪɟɲɟɧɢɣ [29]. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɦɨɳɧɨɫɬɶ ɦɧɨɠɟɫɬɜɚ 
ɞɨɩɭɫɬɢɦɵɯ ɪɟɲɟɧɢɣ D ɪɚɜɧɚ ʹ|ா′|.  
ɉɨɫɥɟɞɧɢɣ ɭɥɭɱɲɟɧɧɵɣ ɚɥɝɨɪɢɬɦ ɩɨɢɫɤɚ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɩɨɬɨɤɚ – 
ɚɥɝɨɪɢɬɦ Ɉɪɥɢɧɚ [40]. ɂɫɩɨɥɶɡɭɹ ɞɚɧɧɵɣ ɚɥɝɨɪɢɬɦ ɞɥɹ ɧɚɯɨɠɞɟɧɢɹ 
ɦɚɤɫɢɦɚɥɶɧɨɣ ɩɪɨɩɭɫɤɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ ɫɟɬɢ, ɦɨɠɧɨ ɞɨɛɢɬɶɫɹ ɜɪɟɦɟɧɢ 
ɜɵɩɨɥɧɟɧɢɹ ɪɚɜɧɨɣ ܱሺ|𝑉| ∙ |ܧ|ሻ.  
Ɍɨɝɞɚ, ɜɪɟɦɹ ɪɚɛɨɬɵ ɚɥɝɨɪɢɬɦɚ ɫɨɫɬɚɜɢɬ ɩɨɪɹɞɤɚ ܱሺʹ|ா′| ⋅ |𝑉| ∙ |ܧ|ሻ. 
ȼ ɫɬɚɬɶɟ [17] ɩɪɢɜɟɞɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɬɟɫɬɢɪɨɜɚɧɢɹ ɚɥɝɨɪɢɬɦɚ ɩɨɥɧɨɝɨ 
ɩɟɪɟɛɨɪɚ. Ⱦɚɧɧɵɣ ɚɥɝɨɪɢɬɦ ɧɟ ɢɦɟɟɬ ɩɪɚɤɬɢɱɟɫɤɨɣ ɩɨɥɶɡɵ ɜ ɪɟɲɟɧɢɢ 
ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɡɚɞɚɱɢ, ɬɚɤ ɤɚɤ ɜɪɟɦɹ, ɡɚ ɤɨɬɨɪɨɟ ɨɧ ɧɚɯɨɞɢɬ ɦɧɨɠɟɫɬɜɨ 
ɉɚɪɟɬɨ, ɧɟɩɪɢɟɦɥɟɦɨ ɜɟɥɢɤɨ. Ɉɞɧɚɤɨ ɟɝɨ ɪɟɚɥɢɡɚɰɢɹ ɢɝɪɚɟɬ ɜɚɠɧɭɸ ɪɨɥɶ ɜ 
ɨɰɟɧɤɟ ɪɚɛɨɬɵ ɞɪɭɝɢɯ, ɛɨɥɟɟ ɫɥɨɠɧɵɯ ɦɟɬɨɞɨɜ ɪɟɲɟɧɢɹ. 
 
2.5 Ɉɩɪɟɞɟɥɟɧɢɟ ɦɧɨɠɟɫɬɜɚ ɉɚɪɟɬɨ-ɨɩɬɢɦɚɥɶɧɵɯ ɪɟɲɟɧɢɣ ɡɚɞɚɱɢ 
ɨɩɬɢɦɢɡɚɰɢɢ ɫɟɬɢ ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ ɦɟɬɨɞɨɦ ɜɟɬɜɟɣ ɢ ɝɪɚɧɢɰ 
 
ɉɨɞ ɦɟɬɨɞɨɦ ɜɟɬɜɟɣ ɢ ɝɪɚɧɢɰ ɩɨɧɢɦɚɟɬɫɹ ɚɥɝɨɪɢɬɦ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ, 
ɢɦɟɸɳɢɣ ɞɪɟɜɨɜɢɞɧɭɸ ɫɬɪɭɤɬɭɪɭ ɩɨɢɫɤɚ ɨɩɬɢɦɚɥɶɧɨɝɨ ɪɟɲɟɧɢɹ ɢ 
ɢɫɩɨɥɶɡɭɸɳɢɣ ɪɟɡɭɥɶɬɚɬɵ ɪɟɲɟɧɢɹ ɨɰɟɧɨɱɧɵɯ ɡɚɞɚɱ [31]. Ⱦɪɟɜɨɜɢɞɧɚɹ 
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ɫɬɪɭɤɬɭɪɚ, ɨɩɢɫɵɜɚɸɳɚɹ ɪɚɡɛɢɟɧɢɟ ɜɫɟɝɨ ɦɧɨɠɟɫɬɜɚ ɪɟɲɟɧɢɣ ɧɚ 
ɧɟɩɟɪɟɫɟɤɚɸɳɢɟɫɹ ɩɨɞɦɧɨɠɟɫɬɜɚ ܦଵ, ܦଶ, … , ܦ௡ ሺܦ =  ܦଵ ׫ ܦଶ ׫ … ׫ ܦ௡, ܦ௜ תܦ௝ = ׎, ݅ ≠ ݆ሻ, ɧɚɡɵɜɚɟɬɫɹ ɞɟɪɟɜɨɦ ɜɟɬɜɥɟɧɢɹ. Ⱦɚɥɟɟ ɩɪɢɜɟɞɟɧɨ ɨɩɢɫɚɧɢɟ ɦɟɬɨɞɚ 
ɜɟɬɜɟɣ ɢ ɝɪɚɧɢɰ ɞɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɆɄɈ (5). 
1) ȼɫɟ ɪɟɛɪɚ ɢɡ ɦɧɨɠɟɫɬɜɚ ܧ′ ɧɭɦɟɪɭɸɬɫɹ ɩɪɨɢɡɜɨɥɶɧɵɦ ɨɛɪɚɡɨɦ 
ɪɚɡɥɢɱɧɵɦɢ ɱɢɫɥɚɦɢ ɨɬ 1 ɞɨ |ܧ′|. ɑɟɪɟɡ ݁௜ ɨɛɨɡɧɚɱɚɟɬɫɹ ɪɟɛɪɨ ɫ ɧɨɦɟɪɨɦ ݅ ɢɡ 
ɦɧɨɠɟɫɬɜɚ ܧ′.  
2) Ʉɚɠɞɨɦɭ ɩɨɞɦɧɨɠɟɫɬɜɭ ɨɛɥɚɫɬɢ ɞɨɩɭɫɬɢɦɵɯ ɪɟɲɟɧɢɣ ܦ ɫɨɨɬɜɟɬɫɬɜɭɟɬ 
ɧɢɠɧɹɹ ሺܮ𝑝ሻ ɢ ɜɟɪɯɧɹɹ ሺܪ𝑝ሻ ɨɰɟɧɤɢ ɡɧɚɱɟɧɢɹ ɩɚɪɵ ሺܳଵሺܧכሻ, ܳଶሺܧכሻሻ ɧɚ ɷɬɨɦ 
ɩɨɞɦɧɨɠɟɫɬɜɟ. Ʉɨɪɧɸ ɞɟɪɟɜɚ ɜɟɬɜɥɟɧɢɣ (ɭɪɨɜɧɸ ݇ = 0) ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɜɫɹ 
ɨɛɥɚɫɬɶ ɞɨɩɭɫɬɢɦɵɯ ɪɟɲɟɧɢɣ ܦ, ɚ ɤɚɠɞɨɣ ɜɟɪɲɢɧɟ ݇ >  Ͳ ɭɪɨɜɧɹ – 
ɩɨɞɦɧɨɠɟɫɬɜɨ ɪɟɲɟɧɢɣ, ɩɨɥɭɱɚɸɳɟɟɫɹ ɩɪɢ ɮɢɤɫɢɪɨɜɚɧɢɢ ɩɟɪɜɵɯ ݇ ɪɟɛɟɪ (ɢɡ 
ɦɧɨɠɟɫɬɜɚ ܧ′) ɫɟɬɢ. ɉɨɞ «ɮɢɤɫɢɪɨɜɚɧɢɟɦ» ɩɨɧɢɦɚɟɬɫɹ ɬɨɬ ɮɚɤɬ, ɱɬɨ ɞɥɹ 
ɜɵɛɪɚɧɧɵɯ ɪɟɛɟɪ ɭɠɟ ɩɪɢɧɹɬɨ ɪɟɲɟɧɢɟ: ɛɭɞɭɬ ɨɧɢ ɚɪɟɧɞɨɜɚɧɵ ɢɥɢ ɧɟɬ. ɑɟɪɟɡ ܵ 
ɨɛɨɡɧɚɱɟɧɨ ɦɧɨɠɟɫɬɜɨ ɮɢɤɫɢɪɨɜɚɧɧɵɯ ɪɟɛɟɪ, ɤɨɬɨɪɵɟ ɛɭɞɭɬ ɚɪɟɧɞɨɜɚɧɵ. 
3) Ʉɚɠɞɵɣ ɫɥɟɞɭɸɳɢɣ ɭɪɨɜɟɧɶ ɜɟɪɲɢɧ ɩɨɥɭɱɚɟɬɫɹ ɩɭɬɟɦ 
ɞɢɯɨɬɨɦɢɱɟɫɤɨɝɨ ɜɟɬɜɥɟɧɢɹ ɢɡ ɤɚɠɞɨɣ ɜɟɪɲɢɧɵ ɩɪɟɞɵɞɭɳɟɝɨ ɭɪɨɜɧɹ. ɉɪɢ ɷɬɨɦ 
ɨɞɧɚ ɢɡ ɜɟɪɲɢɧ ɧɨɜɨɝɨ ɭɪɨɜɧɹ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɩɨɞɦɧɨɠɟɫɬɜɭ, ɩɨɥɭɱɟɧɧɨɦɭ ɩɨɫɥɟ 
ɮɢɤɫɢɪɨɜɚɧɢɹ ɨɱɟɪɟɞɧɨɝɨ ɪɟɛɪɚ, ɧɨ ɛɟɡ ɞɨɛɚɜɥɟɧɢɹ ɟɝɨ ɜ ܵ: ɞɚɧɧɨɟ ɪɟɛɪɨ ɧɟ 
ɛɭɞɟɬ ɚɪɟɧɞɨɜɚɧɨ. ȼɬɨɪɚɹ – ɩɨɞɦɧɨɠɟɫɬɜɭ, ɩɨɥɭɱɟɧɧɨɦɭ ɩɨɫɥɟ ɮɢɤɫɢɪɨɜɚɧɢɹ 
ɨɱɟɪɟɞɧɨɝɨ ɪɟɛɪɚ ɫ ɞɨɛɚɜɥɟɧɢɟɦ ɟɝɨ ɜ ܵ: ɞɚɧɧɨɟ ɪɟɛɪɨ ɛɭɞɟɬ ɚɪɟɧɞɨɜɚɧɨ. 
4) ɇɢɠɧɹɹ ɨɰɟɧɤɚ ܮ𝑝 ɪɟɲɟɧɢɹ ܧכ ɩɨɫɥɟ ɮɢɤɫɢɪɨɜɚɧɢɹ ɩɟɪɜɵɯ ݇ ɪɟɛɟɪ 
ɜɵɱɢɫɥɹɟɬɫɹ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: 
 
ܳଵሺܧכሻ = ∑ 𝑝′ሺ݁ሻ𝑒אௌ + ∑ 𝑝′ሺ݁௜ሻ|ா
′|
௜=௞−ଵ , (8) 
 ܳଶሺܧכሻ = |ܨ𝐺ሺ𝑉,ா׫ௌሻ|, (9) 
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ɬɨ ɟɫɬɶ ɩɟɪɜɵɣ ɤɪɢɬɟɪɢɣ ɧɢɠɧɟɣ ɨɰɟɧɤɢ ܮ𝑝 ɪɚɜɟɧ ɫɭɦɦɟ ɫɬɨɢɦɨɫɬɟɣ ɚɪɟɧɞɵ 
ɮɢɤɫɢɪɨɜɚɧɧɵɯ ɪɟɛɟɪ, ɤɨɬɨɪɵɟ ɛɭɞɭɬ ɚɪɟɧɞɨɜɚɧɵ, ɢ ɪɟɛɟɪ, ɤɨɬɨɪɵɟ ɟɳɟ ɧɟ 
ɪɚɫɫɦɚɬɪɢɜɚɥɢɫɶ, ɚ ɜɬɨɪɨɣ – ɜɟɥɢɱɢɧɟ ɩɨɬɨɤɚ ɞɥɹ ɝɪɚɮɚ, ɩɨɥɭɱɟɧɧɨɝɨ ɩɭɬɟɦ 
ɞɨɛɚɜɥɟɧɢɹ ɜ ɢɫɯɨɞɧɵɣ ɝɪɚɮ ɦɧɨɠɟɫɬɜɚ ɚɪɟɧɞɨɜɚɧɧɵɯ ɮɢɤɫɢɪɨɜɚɧɧɵɯ ɪɟɛɟɪ.  
5) ȼɟɪɯɧɹɹ ɨɰɟɧɤɚ ܪ𝑝 ɪɟɲɟɧɢɹ ܧכ ɩɨɫɥɟ ɮɢɤɫɢɪɨɜɚɧɢɹ ɩɟɪɜɵɯ ݇ ɪɟɛɟɪ 
ɜɵɱɢɫɥɹɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɮɨɪɦɭɥ: 
 ܳଵሺܧכሻ = ∑ 𝑝′ሺ݁ሻ𝑒אௌ , (10) 
 ܳଶሺܧכሻ = |ܨ𝐺ሺ𝑉,ா׫ௌ׫{𝑒𝑖|௜>௞}ሻ|, (11) 
ɬɨ ɟɫɬɶ ɩɟɪɜɵɣ ɤɪɢɬɟɪɢɣ ɜɟɪɯɧɟɣ ɨɰɟɧɤɢ ܪ𝑝 ɪɚɜɟɧ ɫɬɨɢɦɨɫɬɢ ɮɢɤɫɢɪɨɜɚɧɧɵɯ 
ɪɟɛɟɪ, ɤɨɬɨɪɵɟ ɛɭɞɭɬ ɚɪɟɧɞɨɜɚɧɵ, ɚ ɜɬɨɪɨɣ – ɜɟɥɢɱɢɧɟ ɩɨɬɨɤɚ ɞɥɹ ɝɪɚɮɚ, 
ɩɨɥɭɱɟɧɧɨɝɨ ɩɭɬɟɦ ɞɨɛɚɜɥɟɧɢɹ ɜ ɢɫɯɨɞɧɵɣ ɦɧɨɠɟɫɬɜɚ ɚɪɟɧɞɨɜɚɧɧɵɯ 
ɮɢɤɫɢɪɨɜɚɧɧɵɯ ɪɟɛɟɪ ɢ ɜɫɟɯ ɪɟɛɟɪ, ɤɨɬɨɪɵɟ ɟɳɟ ɧɟ ɪɚɫɫɦɚɬɪɢɜɚɥɢɫɶ. 
6) ɉɨɫɥɟ ɪɚɫɱɟɬɚ ɜɟɪɯɧɟɣ ܪ𝑝 ɢ ɧɢɠɧɟɣ ܮ𝑝 ɨɰɟɧɨɤ ɪɟɲɟɧɢɹ 𝑝, ɝɞɟ ɨɰɟɧɤɚ (ܳଵሺݎሻ, ܳଶሺݎሻ) ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɪɟɲɟɧɢɸ ݎ א ܴ (ܴ – ɦɧɨɠɟɫɬɜɨ ɪɟɤɨɪɞɨɜ), 
ɩɪɨɢɫɯɨɞɢɬ ɩɪɨɜɟɪɤɚ ɧɚ ɜɵɩɨɥɧɟɧɢɟ ɫɥɟɞɭɸɳɢɯ ɭɫɥɨɜɢɣ: 
- ɩɪɢ ܮ𝑝  ≻ (ܳଵሺݎሻ, ܳଶሺݎሻ) ɪɟɲɟɧɢɟ ݎ א  ܴ ɭɞɚɥɹɟɬɫɹ ɢɡ ɦɧɨɠɟɫɬɜɚ 
ɪɟɤɨɪɞɨɜ, ɩɨɫɤɨɥɶɤɭ ɫɭɳɟɫɬɜɭɟɬ ɪɟɲɟɧɢɟ ɟɝɨ ɞɨɦɢɧɢɪɭɸɳɟɟ; 
- ɩɪɢ (ܳଵሺݎሻ, ܳଶሺݎሻ)  ≻  ܪ𝑝, ɜɟɬɜɥɟɧɢɟ ɢɡ ɬɟɤɭɳɟɣ ɜɟɪɲɢɧɵ 
ɩɪɟɤɪɚɳɚɟɬɫɹ ɢ ɩɪɨɢɫɯɨɞɢɬ ɩɟɪɟɯɨɞ ɤ ɪɚɫɫɦɨɬɪɟɧɢɸ ɞɪɭɝɢɯ ɩɨɞɦɧɨɠɟɫɬɜ 
ɪɟɲɟɧɢɣ; 
- ɟɫɥɢ ׍ݎ א ܴ: (ܳଵሺݎሻ, ܳଶሺݎሻ) ≻  ܪ𝑝, ɬɨ ɜ ɫɥɭɱɚɟ ɪɚɫɫɦɨɬɪɟɧɢɹ ɜɟɪɲɢɧɵ 
ɞɟɪɟɜɚ, ɹɜɥɹɸɳɟɣɫɹ ɥɢɫɬɨɦ, ɪɟɲɟɧɢɟ 𝑝 ɞɨɛɚɜɥɹɟɬɫɹ ɜ ɦɧɨɠɟɫɬɜɨ ɪɟɤɨɪɞɨɜ ܴ ሺܴ = ܴ ׫ {𝑝}ሻ. ȼ ɩɪɨɬɢɜɧɨɦ ɫɥɭɱɚɟ ɢɡ ɬɟɤɭɳɟɣ ɜɟɪɲɢɧɵ ɩɪɨɞɨɥɠɚɟɬɫɹ 
ɜɟɬɜɥɟɧɢɟ. Ɍɨ ɟɫɬɶ, ɟɫɥɢ ɧɢ ɨɞɧɚ ɧɢɠɧɹɹ ɨɰɟɧɤɚ ɪɟɤɨɪɞɚ ɢɡ ܴ ɧɟ ɞɨɦɢɧɢɪɭɟɬ 
ɜɟɪɯɧɸɸ ɨɰɟɧɤɭ ɩɨɞɦɧɨɠɟɫɬɜɚ ɪɟɲɟɧɢɣ ܦ𝑝, ɢ ɟɳɟ ɧɟ ɜɫɟ ɪɟɛɪɚ ɡɚɮɢɤɫɢɪɨɜɚɧɵ, 
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ɜɟɬɜɥɟɧɢɟ ɩɪɨɞɨɥɠɚɟɬɫɹ, ɢɧɚɱɟ ɪɟɲɟɧɢɟ 𝑝 ɹɜɥɹɟɬɫɹ ɨɩɬɢɦɚɥɶɧɵɦ ɩɨ ɉɚɪɟɬɨ ɧɚ 
ɜɫɟɯ ɪɚɫɫɦɨɬɪɟɧɧɵɯ ɧɚ ɞɚɧɧɵɣ ɦɨɦɟɧɬ ɩɨɞɦɧɨɠɟɫɬɜɚɯ ɢ ɞɨɛɚɜɥɹɟɬɫɹ ɜ ܴ. 
ɋɢɦɜɨɥ ≻ ɨɛɨɡɧɚɱɚɟɬ ɉɚɪɟɬɨ-ɞɨɦɢɧɢɪɭɟɦɨɫɬɶ ɨɞɧɨɝɨ ɪɟɲɟɧɢɹ ɧɚɞ 
ɞɪɭɝɢɦ. 
7) Ɉɫɬɚɧɨɜ ɚɥɝɨɪɢɬɦɚ ɩɪɨɢɫɯɨɞɢɬ, ɤɨɝɞɚ ɞɚɥɶɧɟɣɲɟɟ ɜɟɬɜɥɟɧɢɟ 
ɨɫɭɳɟɫɬɜɢɬɶ ɧɟɜɨɡɦɨɠɧɨ – ɩɨɫɥɟ ɬɨɝɨ ɤɚɤ ɛɵɥɢ ɪɚɫɫɦɨɬɪɟɧɵ ɜɫɟ ɜɟɪɲɢɧɵ 
ɞɟɪɟɜɚ ɜɟɬɜɥɟɧɢɣ, ɞɥɹ ɤɨɬɨɪɵɯ ɛɵɥɨ ɪɚɰɢɨɧɚɥɶɧɨ ɜɵɩɨɥɧɢɬɶ ɨɩɟɪɚɰɢɸ ɜɟɬɜ-
ɥɟɧɢɹ. 
ȼ ɪɟɡɭɥɶɬɚɬɟ ɦɧɨɠɟɫɬɜɨ ܴ ɫɨɞɟɪɠɢɬ ɜɫɟ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ (5), ɨɩɬɢɦɚɥɶɧɵɟ 
ɩɨ ɉɚɪɟɬɨ. ɋɬɨɢɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɜɨ ɦɧɨɠɟɫɬɜɨ ɪɟɤɨɪɞɨɜ ɩɨɩɚɞɚɸɬ 
ɢɫɤɥɸɱɢɬɟɥɶɧɨ ɬɟ ɪɟɲɟɧɢɹ, ɜ ɤɨɬɨɪɵɯ ɡɚɮɢɤɫɢɪɨɜɚɧɵ ɜɫɟ ɪɟɛɪɚ.  
Ɉɞɧɢɦ ɢɡ ɝɥɚɜɧɵɯ ɞɨɫɬɨɢɧɫɬɜ ɩɪɟɞɥɨɠɟɧɧɨɝɨ ɦɟɬɨɞɚ ɹɜɥɹɟɬɫɹ ɩɪɨɫɬɨɬɚ 
ɪɟɚɥɢɡɚɰɢɢ. Ɍɚɤ ɠɟ ɚɥɝɨɪɢɬɦ ɧɟ ɬɪɟɛɭɟɬ ɹɜɧɨɝɨ ɯɪɚɧɟɧɢɹ ɜ ɩɚɦɹɬɢ ɩɨɞɦɧɨɠɟɫɬɜ 
ɪɟɲɟɧɢɣ, ɩɨɞɜɟɪɝɚɟɦɵɯ ɩɪɨɰɟɞɭɪɟ ɜɟɬɜɥɟɧɢɹ. 
ȼ ɧɟɤɨɬɨɪɵɯ ɫɥɭɱɚɹɯ ɦɟɬɨɞ ɜɟɬɜɟɣ ɢ ɝɪɚɧɢɰ ɜ ɩɪɨɰɟɫɫɟ ɪɚɛɨɬɵ ɧɟ ɨɬɛɪɨɫɢɬ 
ɧɢ ɨɞɧɨɝɨ ɪɟɲɟɧɢɹ, ɬɨɝɞɚ ɜɪɟɦɹ ɜɵɩɨɥɧɟɧɢɹ ɛɭɞɟɬ ɬɨ ɠɟ, ɱɬɨ ɢ ɭ ɦɟɬɨɞɚ ɩɨɥɧɨɝɨ 
ɩɟɪɟɛɨɪɚ. ȼ ɪɚɛɨɬɟ [17] ɩɪɢɜɟɞɟɧ ɩɪɢɦɟɪ ɬɚɤɨɣ ɫɟɬɢ, ɜ ɤɨɬɨɪɨɣ ɦɧɨɠɟɫɬɜɨ 
ɨɩɬɢɦɚɥɶɧɵɯ ɩɨ ɉɚɪɟɬɨ ɪɟɲɟɧɢɣ ɢɦɟɟɬ ɦɨɳɧɨɫɬɶ ʹ|ா′|. ȼ ɩɪɨɰɟɫɫɟ ɪɟɲɟɧɢɹ 
ɛɭɞɟɬ ɩɨɫɬɪɨɟɧɨ ɞɟɪɟɜɨ ɜɟɬɜɥɟɧɢɣ, ɫɨɫɬɨɹɳɟɟ ɢɡ |ܧ′| ɭɪɨɜɧɟɣ (ɤɨɪɟɧɶ ɞɟɪɟɜɚ 
ɢɦɟɟɬ ɭɪɨɜɟɧɶ 0). ɉɪɢ ɷɬɨɦ ɭɪɨɜɟɧɶ ɝɥɭɛɢɧɵ ݅ ɛɭɞɟɬ ɢɦɟɬɶ ʹ௜ ɜɟɪɲɢɧ. 
ɇɟɫɦɨɬɪɹ ɧɚ ɷɬɨ, ɫɪɟɞɧɟɟ ɜɪɟɦɹ ɜɵɩɨɥɧɟɧɢɹ ɦɟɬɨɞɚ ɝɨɪɚɡɞɨ ɦɟɧɶɲɟ, ɱɟɦ ɭ 
ɚɥɝɨɪɢɬɦɚ ɩɨɥɧɨɝɨ ɩɟɪɟɛɨɪɚ, ɱɬɨ ɞɨɤɚɡɵɜɚɟɬɫɹ ɪɟɡɭɥɶɬɚɬɚɦɢ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ 
ɷɤɫɩɟɪɢɦɟɧɬɨɜ, ɩɪɢɜɟɞɟɧɧɵɦɢ ɜ ɪɚɛɨɬɟ [19]. ɇɚ ɪɢɫɭɧɤɟ 2 ɩɨɤɚɡɚɧ ɝɪɚɮɢɤ 
ɡɚɜɢɫɢɦɨɫɬɢ ɜɪɟɦɟɧɢ ɪɚɛɨɬɵ ɚɥɝɨɪɢɬɦɨɜ ɩɨɥɧɨɝɨ ɩɟɪɟɛɨɪɚ ɢ ɦɟɬɨɞɚ ɜɟɬɜɟɣ ɢ 




Ɋɢɫɭɧɨɤ 2 – ɋɪɟɞɧɟɟ ɜɪɟɦɹ ɪɚɛɨɬɵ ɚɥɝɨɪɢɬɦɚ ɩɨɥɧɨɝɨ ɩɟɪɟɛɨɪɚ ɢ ɦɟɬɨɞɚ 
ɜɟɬɜɟɣ ɢ ɝɪɚɧɢɰ ɧɚ ɡɚɞɚɱɚɯ ɪɚɡɥɢɱɧɨɣ ɪɚɡɦɟɪɧɨɫɬɢ 
 
Ʉɨɥɢɱɟɫɬɜɨ ɩɚɦɹɬɢ, ɧɟɨɛɯɨɞɢɦɨɟ ɞɥɹ ɪɚɛɨɬɵ ɚɥɝɨɪɢɬɦɚ, ɷɤɫɩɨɧɟɧɰɢɚɥɶɧɨ 
ɡɚɜɢɫɢɬ ɨɬ ɪɚɡɦɟɪɚ ɞɚɧɧɵɯ, ɩɨɞɚɜɚɟɦɵɯ ɧɚ ɜɯɨɞ. ɇɚɣɞɟɧɧɵɟ ɧɟɞɨɦɢɧɢɪɭɟɦɵɟ 
ɪɟɲɟɧɢɹ ɦɨɝɭɬ ɞɨɫɬɢɝɚɬɶ ɜɟɥɢɱɢɧɵ ʹ|ா′|. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɞɥɹ ɫɬɚɛɢɥɶɧɨɣ ɪɚɛɨɬɵ 
ɩɨɬɪɟɛɭɟɬɫɹ ɤɨɥɢɱɟɫɬɜɨ ɩɚɦɹɬɢ ɩɨɪɹɞɤɚ ܱሺʹ|ா′| ⋅ |ܧ′|ሻ. 
Ɉɞɧɚɤɨ ɱɚɳɟ ɜɫɟɝɨ ɦɧɨɠɟɫɬɜɨ ɨɩɬɢɦɚɥɶɧɵɯ ɩɨ ɉɚɪɟɬɨ ɪɟɲɟɧɢɣ ɢɦɟɟɬ 
ɩɨɪɹɞɨɤ ɧɟɫɤɨɥɶɤɢɯ ɞɟɫɹɬɤɨɜ. Ɋɟɡɭɥɶɬɚɬɵ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɨɜ 
ɩɨɤɚɡɚɥɢ, ɱɬɨ ɞɥɹ ɫɟɬɟɣ, ɜ ɤɨɬɨɪɵɯ ɩɪɟɞɥɚɝɚɟɬɫɹ ɤ ɚɪɟɧɞɟ 35 ɤɚɧɚɥɨɜ, ɉɚɪɟɬɨ-
ɫɨɜɨɤɭɩɧɨɫɬɶ ɫɨɞɟɪɠɢɬ ɜ ɫɪɟɞɧɟɦ 41 ɪɟɲɟɧɢɟ (ɜɟɥɢɱɢɧɚ ɩɨɥɭɱɟɧɚ ɩɪɢ ɚɧɚɥɢɡɟ 
100 ɪɚɡɥɢɱɧɵɯ ɩɪɢɦɟɪɨɜ ɫɟɬɟɣ). ɉɨɷɬɨɦɭ ɧɚ ɩɪɚɤɬɢɤɟ ɬɪɟɛɭɟɦɨɟ ɤɨɥɢɱɟɫɬɜɨ 
ɩɚɦɹɬɢ ɧɟɜɟɥɢɤɨ. 
 
2.5.1 ɉɪɢɦɟɪ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɦɟɬɨɞɨɦ ɜɟɬɜɟɣ ɢ ɝɪɚɧɢɰ 
 
ɇɚ ɪɢɫɭɧɤɟ 3 ɡɚɞɚɧ ɝɪɚɮ ܩ ɢ ɦɧɨɠɟɫɬɜɨ ɪɟɛɟɪ, ɩɪɟɞɥɨɠɟɧɧɵɯ ɤ ɚɪɟɧɞɟ ܧ′. 
ɋɩɥɨɲɧɚɹ ɥɢɧɢɹ ɧɚ ɝɪɚɮɟ ܩ – ɷɬɨ ɚɪɟɧɞɨɜɚɧɧɵɟ ɤɚɧɚɥɵ ɫ ɭɤɚɡɚɧɢɟɦ ɩɪɨɩɭɫɤɧɨɣ 
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ɫɩɨɫɨɛɧɨɫɬɢ ɤɚɠɞɨɝɨ ɢɡ ɧɢɯ, ɩɭɧɤɬɢɪɧɚɹ ɥɢɧɢɹ – ɤɚɧɚɥɵ ɢɡ ɦɧɨɠɟɫɬɜɚ ܧ′ ɫ 
ɭɤɚɡɚɧɢɟɦ ɩɪɨɩɭɫɤɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ ɢ ɫɬɨɢɦɨɫɬɢ ɚɪɟɧɞɵ ɜ ɦɟɫɹɰ ɞɥɹ ɤɚɠɞɨɝɨ ɢɡ 
ɧɢɯ. ɇɟɨɛɯɨɞɢɦɨ ɧɚɣɬɢ ɜɫɟ ɦɧɨɠɟɫɬɜɨ ɉɚɪɟɬɨ-ɨɩɬɢɦɚɥɶɧɵɯ ɪɟɲɟɧɢɣ 
ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɛɢɤɪɢɬɟɪɢɚɥɶɧɨɣ ɡɚɞɚɱɢ ɨɩɬɢɦɢɡɚɰɢɢ.  
 











Ɋɢɫɭɧɨɤ 3 – ȼɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ɩɪɢɦɟɪɚ 
 
ɉɪɨɧɭɦɟɪɭɟɦ ɪɟɛɪɚ ɢɡ ܧ′ ɩɨ ɩɨɪɹɞɤɭ, ɧɚɱɢɧɚɹ ɫ 1: (1,6), (2,4), (2,6), (3,7), 
ɝɞɟ ሺݑ, ݒሻ ɨɛɨɡɧɚɱɚɟɬ ɪɟɛɪɨ ɢɡ ɜɟɪɲɢɧɵ u ɜ ɜɟɪɲɢɧɭ v. ɉɨɫɬɪɨɢɦ ɞɟɪɟɜɨ 
ɜɟɬɜɥɟɧɢɣ (ɪɢɫɭɧɨɤ 4), ɡɚɩɢɫɵɜɚɹ ɩɨɞɦɧɨɠɟɫɬɜɚ ɪɟɲɟɧɢɣ ɜ ɬɚɛɥɢɰɭ 1.  
ȼɬɨɪɨɣ ɢ ɬɪɟɬɢɣ ɫɬɨɥɛɰɵ ɬɚɛɥɢɰɵ 1 ɫɨɞɟɪɠɚɬ ɧɢɠɧɸɸ ɢ ɜɟɪɯɧɸɸ ɨɰɟɧɤɢ 
ɩɨɞɦɧɨɠɟɫɬɜɚ ɪɟɲɟɧɢɣ ܦ௜, ɩɨɥɭɱɚɟɦɵɟ ɮɢɤɫɢɪɨɜɚɧɢɟɦ ɜɫɟɯ ɪɟɛɟɪ ɢɡ ܧ′ ɩɪɢ 
ɩɟɪɟɯɨɞɟ ɨɬ ɤɨɪɧɹ ɞɟɪɟɜɚ ɜɟɬɜɥɟɧɢɣ ɞɨ ɜɟɪɲɢɧɵ ɫ ɧɨɦɟɪɨɦ i. ɑɟɬɜɟɪɬɵɣ ɫɬɨɥɛɟɰ 
ɫɨɞɟɪɠɢɬ ɦɧɨɠɟɫɬɜɨ ɪɟɤɨɪɞɨɜ, ɧɚɣɞɟɧɧɨɟ ɧɚ ɦɨɦɟɧɬ ɜɯɨɞɚ ɜ ɜɟɪɲɢɧɭ i ɞɟɪɟɜɚ 
ɜɟɬɜɥɟɧɢɣ. 
ɇɚ ɪɟɛɪɚɯ ɞɟɪɟɜɚ ɜɟɬɜɥɟɧɢɣ ɭɤɚɡɚɧɵ ɱɢɫɥɚ 0 ɢ 1, ɩɨɤɚɡɵɜɚɸɳɢɟ ɛɭɞɟɬ ɥɢ 
ɚɪɟɧɞɨɜɚɧɨ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɟ ɡɚɮɢɤɫɢɪɨɜɚɧɧɨɟ ɪɟɛɪɨ ɢɡ ɦɧɨɠɟɫɬɜɚ ܧ′ ɢɥɢ ɧɟɬ 
ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 
ɉɨɢɫɤ ɉɚɪɟɬɨ-ɨɩɬɢɦɚɥɶɧɵɯ ɪɟɲɟɧɢɣ ɧɚɱɢɧɚɟɬɫɹ ɜ ɤɨɪɧɟ ɞɟɪɟɜɚ ɜɟɬɜɥɟɧɢɣ 
(ɜɟɪɲɢɧɚ 0). Ⱦɟɥɚɟɬɫɹ ɩɪɟɞɩɨɥɨɠɟɧɢɟ, ɱɬɨ ɩɟɪɜɨɟ ɪɟɛɪɨ ɢɡ ɦɧɨɠɟɫɬɜɚ ܧ′ ɧɟ 
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ɛɭɞɟɬ ɚɪɟɧɞɨɜɚɧɨ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɮɢɤɫɢɪɭɟɬɫɹ ɪɟɛɪɨ ɫ ɧɨɦɟɪɨɦ 1 ɢɡ ܧ′ ɢ 
ɜɵɩɨɥɧɹɟɬɫɹ ɩɟɪɟɯɨɞ ɜ ɞɟɪɟɜɟ ɜɟɬɜɥɟɧɢɣ ɢɡ ɜɟɪɲɢɧɵ 0 ɜ ɜɟɪɲɢɧɭ 1 ɩɨ ɪɟɛɪɭ ɫ 
0. ȼɵɱɢɫɥɹɟɬɫɹ ɧɢɠɧɹɹ ɢ ɜɟɪɯɧɹɹ ɨɰɟɧɤɚ ɞɥɹ ɩɨɞɦɧɨɠɟɫɬɜɚ ɪɟɲɟɧɢɣ ܦଵ. ɇɢɠɧɹɹ 
ɨɰɟɧɤɚ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɡɧɚɱɟɧɢɟ ɫɬɨɢɦɨɫɬɢ ɚɪɟɧɞɵ ɢ ɩɪɨɩɭɫɤɧɨɣ 
ɫɩɨɫɨɛɧɨɫɬɢ ɫɟɬɢ, ɤɨɬɨɪɵɟ ɜɵɱɢɫɥɹɸɬɫɹ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ. ɋɬɨɢɦɨɫɬɶ 
ɚɪɟɧɞɵ ɩɨɥɭɱɚɟɬɫɹ ɢɡ ɪɚɫɱɟɬɚ, ɱɬɨ ɜɫɟ ɧɟɡɚɮɢɤɫɢɪɨɜɚɧɧɵɟ ɪɟɛɪɚ (ɫ ɧɨɦɟɪɚɦɢ 2, 
3, 4) ɞɨɫɬɪɚɢɜɚɸɬɫɹ, ɚ ɩɪɨɩɭɫɤɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɢɡ ɪɚɫɱɟɬɚ, ɱɬɨ ɨɧɢ ɧɟ ɢɡɦɟɧɹɸɬ 
ɟɟ, ɬɨ ɟɫɬɶ ɦɨɠɧɨ ɫɱɢɬɚɬɶ, ɱɬɨ ɢɯ ɩɪɨɩɭɫɤɧɵɟ ɫɩɨɫɨɛɧɨɫɬɢ ɪɚɜɧɵ 0. ȼ ɪɟɡɭɥɶɬɚɬɟ 
ɩɨɥɭɱɚɟɦ ɫɬɨɢɦɨɫɬɶ ɚɪɟɧɞɵ, ɪɚɜɧɭɸ 𝑝′ሺʹ,Ͷሻ + 𝑝′ሺʹ,͸ሻ + 𝑝′ሺ͵,͹ሻ = 9ͲͲ, ɢ 
ɩɪɨɩɭɫɤɧɭɸ ɫɩɨɫɨɛɧɨɫɬɶ, ɪɚɜɧɭɸ 280. ɉɪɢ ɜɵɱɢɫɥɟɧɢɢ ɫɬɨɢɦɨɫɬɢ ɚɪɟɧɞɵ ɞɥɹ 
ɜɟɪɯɧɟɣ ɨɰɟɧɤɢ ɫɱɢɬɚɟɦ, ɱɬɨ ɧɢ ɨɞɧɨ ɢɡ ɧɟɡɚɮɢɤɫɢɪɨɜɚɧɧɵɯ ɪɟɛɟɪ ɧɟ 
ɚɪɟɧɞɨɜɚɧɨ, ɚ ɩɪɢ ɜɵɱɢɫɥɟɧɢɢ ɩɪɨɩɭɫɤɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ ɫɱɢɬɚɟɦ, ɱɬɨ ɨɧɢ 
ɚɪɟɧɞɨɜɚɧɵ.  
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɫɬɨɢɦɨɫɬɶ ɚɪɟɧɞɵ ɪɚɜɧɚ 0, ɚ ɩɪɨɩɭɫɤɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɪɚɜɧɚ 
345. Ⱦɚɥɟɟ ɩɪɨɜɟɪɹɟɬɫɹ, ɞɨɦɢɧɢɪɭɟɬɫɹ ɥɢ ɩɨɥɭɱɟɧɧɚɹ ɜɟɪɯɧɹɹ ɨɰɟɧɤɚ ɧɢɠɧɟɣ 
ɨɰɟɧɤɨɣ ɷɥɟɦɟɧɬɚ ɢɡ ɫɨɜɨɤɭɩɧɨɫɬɢ ɪɟɤɨɪɞɨɜ ܴ. Ɍɚɤ ɤɚɤ ܴ ɩɭɫɬɨ, ɬɨ ɭɫɥɨɜɢɟ ɧɟ 
ɜɵɩɨɥɧɹɟɬɫɹ, ɢ ɬɚɤ ɤɚɤ ɧɟ ɜɫɟ ɪɟɛɪɚ ɢɡ ɦɧɨɠɟɫɬɜɚ ܧ′ ɡɚɮɢɤɫɢɪɨɜɚɧɵ, ɬɨ 
ɜɵɩɨɥɧɹɟɬɫɹ ɜɟɬɜɥɟɧɢɟ ɢɡ ɜɟɪɲɢɧɵ 1 ɞɟɪɟɜɚ ɜɟɬɜɥɟɧɢɣ.  
Ⱥɧɚɥɨɝɢɱɧɨ ɜɵɩɨɥɧɹɟɬɫɹ ɞɚɥɶɧɟɣɲɟɟ ɜɟɬɜɥɟɧɢɟ, ɩɨɤɚ ɜɫɟ ɪɟɛɪɚ ɢɡ ܧ′ ɧɟ 
ɛɭɞɭɬ ɡɚɮɢɤɫɢɪɨɜɚɧɵ ɢɥɢ ɩɨɥɭɱɟɧɧɚɹ ɜɟɪɯɧɹɹ ɨɰɟɧɤɚ ɧɟ ɛɭɞɟɬ ɞɨɦɢɧɢɪɨɜɚɬɶɫɹ 
ɨɞɧɢɦ ɢɡ ɷɥɟɦɟɧɬɨɜ ɫɨɜɨɤɭɩɧɨɫɬɢ ɪɟɤɨɪɞɨɜ ܴ. 
ȼ ɫɥɭɱɚɟ, ɤɨɝɞɚ ɧɟ ɜɫɟ ɪɟɛɪɚ ɢɡ ܧ′ ɡɚɮɢɤɫɢɪɨɜɚɧɵ, ɚ ɜɟɪɯɧɹɹ ɨɰɟɧɤɚ 
ɞɨɦɢɧɢɪɭɟɬɫɹ ɷɥɟɦɟɧɬɨɦ ɢɡ ܴ, ɞɚɥɶɧɟɣɲɟɟ ɜɟɬɜɥɟɧɢɟ ɧɟ ɢɦɟɟɬ ɫɦɵɫɥɚ, 
ɩɪɨɢɫɯɨɞɢɬ ɩɟɪɟɯɨɞ ɜ ɩɪɟɞɵɞɭɳɭɸ ɜɟɪɲɢɧɭ ɜɟɬɜɥɟɧɢɹ. Ɍɚɤɢɟ ɫɥɭɱɚɢ 
ɧɚɛɥɸɞɚɸɬɫɹ ɜ ɜɟɪɲɢɧɚɯ 6, 7, 13 ɢ 14 ɞɟɪɟɜɚ ɜɟɬɜɥɟɧɢɹ. 
ȿɫɥɢ ɜɟɪɯɧɹɹ ɨɰɟɧɤɚ ɞɨɦɢɧɢɪɭɟɬ ɷɥɟɦɟɧɬ ɢɡ ܴ, ɬɨ ɷɬɨɬ ɷɥɟɦɟɧɬ ɭɞɚɥɹɟɬɫɹ 
ɢɡ ɪɟɤɨɪɞɨɜ, ɤɚɤ, ɧɚɩɪɢɦɟɪ, ɜ ɜɟɪɲɢɧɟ 11 (ɪɢɫɭɧɨɤ 4). 
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ȼ ɪɟɡɭɥɶɬɚɬɟ ɪɟɲɟɧɢɹ ɞɚɧɧɨɝɨ ɩɪɢɦɟɪɚ ɧɚɣɞɟɧɨ ɦɧɨɠɟɫɬɜɨ ɉɚɪɟɬɨ-
ɨɩɬɢɦɚɥɶɧɵɯ ɪɟɲɟɧɢɣ {{׎}, {ͳ}, {ͳ,Ͷ}}, ɤɨɬɨɪɵɦ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɨɰɟɧɤɢ (0, -280), 

























Ɋɢɫɭɧɨɤ 4 – Ⱦɟɪɟɜɨ ɪɟɲɟɧɢɣ ɦɟɬɨɞɚ ɜɟɬɜɟɣ ɢ ɝɪɚɧɢɰ 
 




ɇɢɠɧɹɹ ɨɰɟɧɤɚ ܦ௜ ȼɟɪɯɧɹɹ ɨɰɟɧɤɚ ܦ௜ Ɇɧɨɠɟɫɬɜɨ ɪɟɤɨɪɞɨɜ ܴ 
1 (900, -280) (0, -345) ׎ 
2 (700, -280) (0, -345) ׎ 
3 (100, -280) (0, -345) ׎ 
4 (0, -280) (0, -280) ׎ 
5 (100, -375) (100, -345) (0, -280) 
6 (700, -280) (600, -345) (0, -280), (100, -345) 
7 (900, -280) (200, -345) (0, -280), (100, -345) 
8 (1000, -380) (100, -445) (0, -280), (100, -345) 
9 (800, -380) (100, -445) (0, -280), (100, -345) 
10 (200, -380) (100, -445) (0, -280), (100, -345) 
11 (100, -380) (100, -380) (0, -280), (100, -345) 
12 (200, -445) (200, -445) (0, -280), (100, -380) 
13 (800, -380) (700, -445) (0, -280), (100, -380), (200, -445) 
14 (1000, -380) (300, -445) (0, -280), (100, -380), (200, -445) 
 
2.6 ȼɵɜɨɞɵ ɩɨ ɝɥɚɜɟ 2 
  
ɉɨɫɬɪɨɟɧɚ ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɋɉȾ ɜ ɜɢɞɟ ɜɡɜɟɲɟɧɧɨɝɨ 
ɨɪɢɟɧɬɢɪɨɜɚɧɧɨɝɨ ɚɰɢɤɥɢɱɟɫɤɨɝɨ ɝɪɚɮɚ, ɤɨɬɨɪɚɹ ɭɱɢɬɵɜɚɟɬ ɨɫɨɛɟɧɧɨɫɬɢ ɫɟɬɢ 
ɋɢɛɢɪɫɤɨɝɨ ɛɚɧɤɚ. 
ȼ ɪɚɦɤɚɯ ɩɨɫɬɪɨɟɧɧɨɣ ɦɨɞɟɥɢ ɩɪɟɞɫɬɚɜɥɟɧɚ ɛɢɤɪɢɬɟɪɢɚɥɶɧɚɹ ɡɚɞɚɱɚ 
ɨɩɬɢɦɢɡɚɰɢɢ ɋɉȾ, ɩɪɨɜɟɞɟɧ ɚɧɚɥɢɡ ɟɟ ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ ɫɥɨɠɧɨɫɬɢ. 
 
3 ɉɨɢɫɤ ɫɭɛɨɩɬɢɦɚɥɶɧɨɝɨ ɦɧɨɠɟɫɬɜɚ ɪɟɲɟɧɢɣ ɡɚɞɚɱɢ ɨɩɬɢɦɢɡɚɰɢɢ 
ɫɟɬɢ ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ 
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ɑɢɫɥɨ ɉɚɪɟɬɨ-ɨɩɬɢɦɚɥɶɧɵɯ ɪɟɲɟɧɢɣ ɦɨɠɟɬ ɷɤɫɩɨɧɟɧɰɢɚɥɶɧɨ ɡɚɜɢɫɟɬɶ ɨɬ 
ɪɚɡɦɟɪɧɨɫɬɢ ɡɚɞɚɱɢ (5), ɚ ɡɧɚɱɢɬ ɦɧɨɠɟɫɬɜɨ ɉɚɪɟɬɨ ɦɨɠɟɬ ɨɤɚɡɚɬɶɫɹ ɫɥɢɲɤɨɦ 
ɛɨɥɶɲɢɦ, ɱɬɨ ɡɚɬɪɭɞɧɢɬ ɢɥɢ ɫɞɟɥɚɟɬ ɧɟɜɨɡɦɨɠɧɵɦ ɚɧɚɥɢɡ ɪɟɡɭɥɶɬɚɬɨɜ ɞɥɹ ɅɉɊ. 
Ɍɨɝɞɚ ɩɨɢɫɤ ɜɫɟɝɨ ɦɧɨɠɟɫɬɜɚ ɉɚɪɟɬɨ ɫɬɚɧɨɜɢɬɫɹ ɧɟɰɟɥɟɫɨɨɛɪɚɡɧɵɦ. 
ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɜɜɨɞɢɬɫɹ ɩɨɧɹɬɢɟ ɫɭɛɨɩɬɢɦɚɥɶɧɨɝɨ ɦɧɨɠɟɫɬɜɚ. 
 
3.1 ɋɭɛɨɩɬɢɦɚɥɶɧɨɟ ɦɧɨɠɟɫɬɜɨ 
 
Ɂɚɞɚɱɚ (5) ɩɪɢɧɚɞɥɟɠɢɬ ɤ ɤɥɚɫɫɭ NP-ɬɪɭɞɧɵɯ, ɩɨɷɬɨɦɭ ɪɟɲɢɬɶ ɟё ɫ 
ɩɨɦɨɳɶɸ ɩɨɥɢɧɨɦɢɚɥɶɧɵɯ ɚɥɝɨɪɢɬɦɨɜ ɧɟ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɜɨɡɦɨɠɧɵɦ, ɭɱɢɬɵɜɚɹ 
ɝɢɩɨɬɟɡɭ ɨ ܲ ≠ ܰܲ. ȼ ɪɟɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ ɤɨɥɢɱɟɫɬɜɨ ɩɪɟɞɥɨɠɟɧɧɵɯ ɤ ɚɪɟɧɞɟ 
ɤɚɧɚɥɨɜ ɦɨɠɟɬ ɛɵɬɶ ɨɤɨɥɨ ɫɨɬɧɢ ɢ ɛɨɥɟɟ, ɬɨɝɞɚ ɜɪɟɦɹ ɪɚɛɨɬɵ ɬɚɤɨɝɨ ɚɥɝɨɪɢɬɦɚ 
ɫɬɚɧɟɬ ɫɥɢɲɤɨɦ ɜɟɥɢɤɨ. 
ȼ ɬɚɤɨɦ ɫɥɭɱɚɟ ɚɤɬɢɜɧɨ ɩɪɢɦɟɧɹɸɬɫɹ ɷɜɪɢɫɬɢɱɟɫɤɢɟ ɦɟɬɨɞɵ, ɤɨɬɨɪɵɟ 
ɜɨɡɦɨɠɧɨ ɧɚɣɬɢ ɧɟ ɬɨɱɧɨɟ, ɧɨ ɩɪɢɛɥɢɠɟɧɧɨɟ ɤ ɨɩɬɢɦɚɥɶɧɨɦɭ ɪɟɲɟɧɢɟ, 
ɩɪɢɦɟɧɢɜ ɷɜɪɢɫɬɢɱɟɫɤɢɟ ɦɟɬɨɞɵ. ɉɪɢ ɷɬɨɦ ɜɵɱɢɫɥɢɬɟɥɶɧɚɹ ɫɥɨɠɧɨɫɬɶ ɞɚɧɧɵɯ 
ɚɥɝɨɪɢɬɦɨɜ ɩɨɡɜɨɥɹɟɬ ɧɚɯɨɞɢɬɶ ɨɬɜɟɬ ɤ ɡɚɞɚɱɟ ɡɚ ɩɪɢɟɦɥɟɦɨɟ ɜɪɟɦɹ. 
Ⱦɨɦɢɧɢɪɭɟɦɵɟ ɪɟɲɟɧɢɹ, ɧɚɣɞɟɧɧɵɟ ɷɜɪɢɫɬɢɱɟɫɤɢɦ ɚɥɝɨɪɢɬɦɨɦ, ɧɟ 
ɩɪɟɞɫɬɚɜɥɹɸɬ ɢɧɬɟɪɟɫɚ ɢ ɩɨɷɬɨɦɭ ɦɨɝɭɬ ɛɵɬɶ ɢɫɤɥɸɱɟɧɵ ɢɡ ɪɚɫɫɦɨɬɪɟɧɢɹ. ȼ 
ɫɜɹɡɢ ɫ ɷɬɢɦ ɞɚɞɢɦ ɫɥɟɞɭɸɳɟɟ ɨɩɪɟɞɟɥɟɧɢɟ. 
Ɇɧɨɠɟɫɬɜɨ ɪɟɲɟɧɢɣ ܲ′ ሺ∀𝑝 א ܲ′: 𝑝 א ܦሻ ɧɚɡɵɜɚɟɬɫɹ ɫɭɛɨɩɬɢɦɚɥɶɧɵɦ ɩɪɢ 
ɭɫɥɨɜɢɢ, ɱɬɨ ɤɚɠɞɵɣ ɷɥɟɦɟɧɬ ɢɡ P ɧɟ ɞɨɦɢɧɢɪɭɟɬ ɢ ɧɟ ɪɚɜɟɧ ɧɢ ɨɞɧɨɦɭ ɞɪɭɝɨɦɭ 
ɷɥɟɦɟɧɬɭ ɢɡ ɦɧɨɠɟɫɬɜɚ P. 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜ ɭɫɥɨɜɢɹɯ ɛɨɥɶɲɨɣ ɪɚɡɦɟɪɧɨɫɬɢ ɡɚɞɚɱɢ (5) ɰɟɥɟɫɨɨɛɪɚɡɧɨ 
ɧɚɣɬɢ ɫɭɛɨɩɬɢɦɚɥɶɧɨɟ ɦɧɨɠɟɫɬɜɨ ɪɟɲɟɧɢɣ, ɱɬɨ ɩɨɡɜɨɥɢɬ ɭɩɪɨɫɬɢɬɶ ɚɧɚɥɢɡ 
ɪɟɡɭɥɶɬɚɬɚ ɞɥɹ ɅɉɊ. 




ɉɨɞ ɷɮɮɟɤɬɢɜɧɨɫɬɶɸ ɚɥɝɨɪɢɬɦɚ ɡɚɱɚɫɬɭɸ ɩɨɞɪɚɡɭɦɟɜɚɟɬɫɹ ɤɚɱɟɫɬɜɨ 
ɪɟɡɭɥɶɬɚɬɚ ɢ ɬɪɟɛɭɟɦɵɟ ɜɵɱɢɫɥɢɬɟɥɶɧɵɟ ɪɟɫɭɪɫɵ.  
ȼ ɨɬɧɨɲɟɧɢɢ ɪɟɫɭɪɫɨɜ ɢɫɩɨɥɶɡɭɸɬɫɹ ɮɢɤɫɢɪɨɜɚɧɧɨɟ ɱɢɫɥɨ ɨɩɟɪɚɰɢɣ 
ɜɵɱɢɫɥɟɧɢɹ ɢɥɢ ɤɨɧɫɬɚɧɬɧɨɟ ɜɪɟɦɹ ɜɵɩɨɥɧɟɧɢɹ ɜ ɨɛɳɟɦ. ȼ ɬɚɤɨɦ ɫɥɭɱɚɟ, ɧɟɬ 
ɪɚɡɧɢɰɵ ɦɟɠɞɭ ɨɞɧɨɤɪɢɬɟɪɢɚɥɶɧɨɣ ɢ ɦɧɨɝɨɤɪɢɬɟɪɢɚɥɶɧɨɣ ɨɩɬɢɦɢɡɚɰɢɟɣ. 
ɋɟɪɶɟɡɧɚɹ ɪɚɡɧɢɰɚ ɧɚɛɥɸɞɚɟɬɫɹ ɩɪɢ ɨɰɟɧɤɟ ɤɚɱɟɫɬɜɚ ɩɨɥɭɱɚɟɦɨɝɨ ɪɟɡɭɥɶɬɚɬɚ. ȼ 
ɨɞɧɨɤɪɢɬɟɪɢɚɥɶɧɨɣ ɨɩɬɢɦɢɡɚɰɢɢ ɤɚɱɟɫɬɜɨ ɪɟɲɟɧɢɹ ɦɨɠɟɬ ɨɩɪɟɞɟɥɹɬɶɫɹ ɫ 
ɩɨɦɨɳɶɸ ɰɟɥɟɜɨɣ ɮɭɧɤɰɢɢ. Ɉɞɧɚɤɨ ɜ ɫɥɭɱɚɟ ɆɄɈ ɧɟ ɩɨɧɹɬɧɨ, ɱɬɨ ɡɧɚɱɢɬ 
ɤɚɱɟɫɬɜɨ – ɛɥɢɡɨɫɬɶ ɤ ɮɪɨɧɬɭ ɉɚɪɟɬɨ, ɨɯɜɚɬ ɤɚɤ ɦɨɠɧɨ ɛɨɥɶɲɟɝɨ ɤɨɥɢɱɟɫɬɜɚ 
ɪɚɡɧɨɪɨɞɧɵɯ ɪɟɲɟɧɢɣ ɢɥɢ ɤɚɤɢɟ-ɬɨ ɞɪɭɝɢɟ ɩɪɢɡɧɚɤɢ. 
ȼ ɪɚɛɨɬɚɯ [8, 20] ɩɪɟɞɥɨɠɟɧɵ ɜɚɪɢɚɧɬɵ ɨɰɟɧɤɢ ɤɚɱɟɫɬɜɚ ɧɚɣɞɟɧɧɨɝɨ 
ɫɭɛɨɩɬɢɦɚɥɶɧɨɝɨ ɦɧɨɠɟɫɬɜɚ. 
 
3.2.1 Ɇɟɬɨɞ ɩɨɞɫɱɟɬɚ ɪɟɲɟɧɢɣ 
 
Ɇɟɬɨɞ ɨɰɟɧɢɜɚɟɬ ɤɚɱɟɫɬɜɨ ɩɨɥɭɱɟɧɧɨɝɨ ɫɭɛɨɩɬɢɦɚɥɶɧɨɝɨ ɦɧɨɠɟɫɬɜɚ 
ɪɟɲɟɧɢɣ ɩɨ ɨɬɧɨɲɟɧɢɸ ɦɟɠɞɭ ɤɨɥɢɱɟɫɬɜɨɦ «ɩɥɨɯɢɯ» ɢɥɢ ɧɟɧɚɣɞɟɧɧɵɯ 
ɨɩɬɢɦɚɥɶɧɵɯ ɪɟɲɟɧɢɣ ɢ ɤɨɥɢɱɟɫɬɜɨɦ ɷɥɟɦɟɧɬɨɜ ɦɧɨɠɟɫɬɜɚ ɉɚɪɟɬɨ-
ɨɩɬɢɦɚɥɶɧɵɯ ɪɟɲɟɧɢɣ ɡɚɞɚɱɢ. 
ȼ ɞɚɧɧɨɦ ɤɨɧɬɟɤɫɬɟ «ɩɥɨɯɨɟ» ɪɟɲɟɧɢɟ – ɷɬɨ ɬɚɤɨɟ ɪɟɲɟɧɢɟ 𝑥, ɤɨɬɨɪɨɟ 
ɜɯɨɞɢɬ ɜ ɫɭɛɨɩɬɢɦɚɥɶɧɨɟ ɦɧɨɠɟɫɬɜɨ ܲ′, ɧɨ ɧɟ ɩɪɢɧɚɞɥɟɠɢɬ ɦɧɨɠɟɫɬɜɭ ɉɚɪɟɬɨ-
ɨɩɬɢɦɚɥɶɧɵɯ ɪɟɲɟɧɢɣ ܲ ɩɨɫɬɚɜɥɟɧɧɨɣ ɡɚɞɚɱɢ. Ʉɨɥɢɱɟɫɬɜɨ ɬɚɤɢɯ ɪɟɲɟɧɢɣ 
ɧɚɯɨɞɢɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
   ܳ௕ = |{𝑥: 𝑥 א ܲ′, 𝑥 ב ܲ}|, (12) 
 
Ɍɨɝɞɚ ɩɨɢɫɤ ɨɬɤɥɨɧɟɧɢɹ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɮɨɪɦɭɥɵ: ∆ଵሺܲ, ܲ′ሻ = ݉ܽ𝑥ሺܳ௕ , ܳ𝑝ሻ|ܲ| , (13) 
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ɝɞɟ ܳ𝑝 – ɤɨɥɢɱɟɫɬɜɨ ɉɚɪɟɬɨ-ɨɩɬɢɦɚɥɶɧɵɯ ɪɟɲɟɧɢɣ, ɧɟ ɧɚɣɞɟɧɧɵɯ ɚɥɝɨɪɢɬɦɨɦ, ܲ – ɤɨɥɢɱɟɫɬɜɨ ɉɚɪɟɬɨ-ɨɩɬɢɦɚɥɶɧɵɯ ɪɟɲɟɧɢɣ. 
ɋɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɱɟɦ ɛɨɥɶɲɟ ɡɧɚɱɟɧɢɟ ∆ଵ, ɬɟɦ ɯɭɠɟ ɪɟɡɭɥɶɬɚɬ.  
Ɉɫɧɨɜɧɵɦ ɧɟɞɨɫɬɚɬɤɨɦ ɦɟɬɨɞɚ ɹɜɥɹɟɬɫɹ ɬɨ, ɱɬɨ ɜ ɧɟɦ ɧɟ ɭɱɢɬɵɜɚɟɬɫɹ 
ɬɨɱɧɨɫɬɶ ɩɪɢɛɥɢɠɟɧɢɹ ɫɭɛɨɩɬɢɦɚɥɶɧɨɝɨ ɦɧɨɠɟɫɬɜɚ ɤ ɦɧɨɠɟɫɬɜɭ ɉɚɪɟɬɨ-
ɨɩɬɢɦɚɥɶɧɵɯ ɪɟɲɟɧɢɣ. ɉɨɷɬɨɦɭ ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɞɨɩɨɥɧɢɬɟɥɶɧɨ ɩɪɢɦɟɧɹɬɶ 
ɨɩɢɫɚɧɧɵɣ ɧɢɠɟ ɦɟɬɨɞ. 
 
3.2.2 Ɇɟɬɨɞ ɨɰɟɧɤɢ ɬɨɱɧɨɫɬɢ ɩɪɢɛɥɢɠɟɧɢɹ ɫɭɛɨɩɬɢɦɚɥɶɧɨɝɨ 
ɦɧɨɠɟɫɬɜɚ ɪɟɲɟɧɢɣ ɤ ɉɚɪɟɬɨ-ɨɩɬɢɦɚɥɶɧɨɦɭ 
 
Ɍɨɱɧɨɫɬɶ ɩɪɢɛɥɢɠɟɧɢɹ ɜɵɱɢɫɥɹɟɬɫɹ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: ɞɥɹ ɤɚɠɞɨɣ 
ɨɰɟɧɤɢ ɪɟɲɟɧɢɹ ɢɡ ɫɭɛɨɩɬɢɦɚɥɶɧɨɝɨ ɦɧɨɠɟɫɬɜɚ ɧɚɯɨɞɢɬɫɹ ɨɬɧɨɲɟɧɢɟ 
ɦɢɧɢɦɚɥɶɧɨɝɨ ɪɚɫɫɬɨɹɧɢɹ ɞɨ ɦɧɨɠɟɫɬɜɚ ɉɚɪɟɬɨ ɤ ɪɚɫɫɬɨɹɧɢɸ ɦɟɠɞɭ ɨɰɟɧɤɨɣ 
ɛɥɢɠɚɣɲɟɝɨ ɉɚɪɟɬɨ-ɨɩɬɢɦɚɥɶɧɨɝɨ ɪɟɲɟɧɢɹ ɢ ɨɰɟɧɤɨɣ ɧɚɱɚɥɶɧɨɝɨ ɫɨɫɬɨɹɧɢɹ 
ɫɟɬɢ. ɉɨɞ ɧɚɱɚɥɶɧɵɦ ɫɨɫɬɨɹɧɢɟɦ ɫɟɬɢ ɩɨɞɪɚɡɭɦɟɜɚɟɬɫɹ ɬɟɤɭɳɟɟ ɫɨɫɬɨɹɧɢɟ 
ɢɫɩɨɥɶɡɭɟɦɨɣ ɜ ɧɚɫɬɨɹɳɢɣ ɦɨɦɟɧɬ ɫɟɬɢ. ȼ ɤɚɱɟɫɬɜɟ ɨɰɟɧɤɢ ɬɨɱɧɨɫɬɢ 
ɩɪɢɛɥɢɠɟɧɢɹ ɛɟɪɟɬɫɹ ɫɪɟɞɧɟɟ ɡɧɚɱɟɧɢɟ ɧɚɣɞɟɧɧɵɯ ɨɬɧɨɲɟɧɢɣ. Ⱦɥɹ ɜɵɱɢɫɥɟɧɢɹ 
ɪɚɫɫɬɨɹɧɢɹ ɦɟɠɞɭ ɨɰɟɧɤɚɦɢ ɢɫɩɨɥɶɡɭɟɬɫɹ ɦɟɬɪɢɤɚ ɑɟɛɵɲɟɜɚ: 
 𝜌ሺ𝑥; 𝑥′ሻ = ݉ܽ𝑥ሺ|ܳଵሺ𝑥ሻ − ܳଵሺ𝑥′ሻ|, |ܳଶሺ𝑥ሻ − ܳଶሺ𝑥′ሻ|ሻ. (14) 
 
Ɏɨɪɦɭɥɚ ɨɰɟɧɤɢ ɬɨɱɧɨɫɬɢ ɩɪɢɛɥɢɠɟɧɢɹ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɢɠɟ. 
 ∆ଶሺܲ, ܲ′ሻ = ܽݒ݃ሺொభሺ𝑥′ሻ,ொమሺ𝑥′ሻሻא௉′ ቌ minሺொభሺ𝑥ሻ,ொమሺ𝑥ሻሻא௉ 𝜌ሺ𝑥; 𝑥′ሻ𝜌ሺ𝑥′′; 𝑥଴ሻ ቍ, (15) 
ɝɞɟ 𝜌ሺ𝑥ଵ; 𝑥ଶሻ – ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɞɜɭɦɹ ɨɰɟɧɤɚɦɢ ሺܳଵሺ𝑥ଵሻ, ܳଶሺ𝑥ଵሻሻ ɢ ሺܳଵሺ𝑥ଶሻ, ܳଶሺ𝑥ଶሻሻ ɪɟɲɟɧɢɣ 𝑥ଵ ɢ 𝑥ଶ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɜɵɱɢɫɥɹɟɦɨɟ ɫ ɩɨɦɨɳɶɸ 
ɦɟɬɪɢɤɢ ɑɟɛɵɲɟɜɚ; 
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𝑥଴ – ɪɟɲɟɧɢɟ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɟ ɧɚɱɚɥɶɧɨɦɭ ɫɨɫɬɨɹɧɢɸ ɫɟɬɢ; 𝑥 – ɉɚɪɟɬɨ-ɨɩɬɢɦɚɥɶɧɨɟ ɪɟɲɟɧɢɟ; 𝑥′ – ɫɭɛɨɩɬɢɦɚɥɶɧɨɟ ɪɟɲɟɧɢɟ; 𝑥′′ – ɪɟɲɟɧɢɟ ɢɡ ɦɧɨɠɟɫɬɜɚ ɉɚɪɟɬɨ, ɛɥɢɠɚɣɲɟɟ ɤ ɫɭɛɨɩɬɢɦɚɥɶɧɨɦɭ 𝑥′. 
ɗɬɨɬ ɦɟɬɨɞ ɨɰɟɧɤɢ ɧɟ ɭɱɢɬɵɜɚɟɬ ɧɚɥɢɱɢɟ «ɩɥɨɯɢɯ» ɪɟɲɟɧɢɣ. ɑɬɨɛɵ ɢɡɛɟɠɚɬɶ 
ɫɥɭɱɚɟɜ, ɤɨɝɞɚ ɨɰɟɧɤɚ ɫɭɛɨɩɬɢɦɚɥɶɧɨɝɨ ɦɧɨɠɟɫɬɜɚ ɩɨɤɚɡɵɜɚɟɬ ɛɨɥɶɲɨɣ ɩɪɨɰɟɧɬ 
ɬɚɤɢɯ ɪɟɲɟɧɢɣ, ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɫɨɜɦɟɫɬɧɨɟ ɩɪɢɦɟɧɟɧɢɟ ɨɰɟɧɨɤ (13) ɢ (15), 
ɩɨɫɤɨɥɶɤɭ ɷɬɨ ɞɚɟɬ ɛɨɥɟɟ ɩɨɥɧɨɟ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɨ ɤɚɱɟɫɬɜɟ ɢ ɞɨɩɭɫɬɢɦɨɫɬɢ 
ɫɭɛɨɩɬɢɦɚɥɶɧɵɯ ɪɟɲɟɧɢɣ. 
 
3.3 ɉɨɢɫɤ ɫɭɛɨɩɬɢɦɚɥɶɧɨɝɨ ɦɧɨɠɟɫɬɜɚ ɪɟɲɟɧɢɣ ɫ ɩɪɢɦɟɧɟɧɢɟɦ 
ɢɦɢɬɚɰɢɢ ɨɬɠɢɝɚ 
 
Ɇɟɬɨɞ ɢɦɢɬɚɰɢɢ ɨɬɠɢɝɚ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɚɥɝɨɪɢɬɦɢɱɟɫɤɢɣ ɚɧɚɥɨɝ 
ɮɢɡɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ ɨɛɪɚɡɨɜɚɧɢɹ ɜ ɜɟɳɟɫɬɜɟ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɫɬɪɭɤɬɭɪɵ, 
ɯɚɪɚɤɬɟɪɢɡɭɸɳɟɣɫɹ ɦɢɧɢɦɚɥɶɧɨɣ ɷɧɟɪɝɢɟɣ, ɩɪɢ ɭɩɪɚɜɥɹɟɦɨɦ ɨɯɥɚɠɞɟɧɢɢ. 
Ⱦɪɭɝɢɦɢ ɫɥɨɜɚɦɢ, ɞɚɧɧɵɣ ɦɟɬɨɞ ɢɫɩɨɥɶɡɭɟɬ ɭɩɨɪɹɞɨɱɟɧɧɵɣ ɫɥɭɱɚɣɧɵɣ ɩɨɢɫɤ 
ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɧɨɜɵɯ ɫɨɫɬɨɹɧɢɣ ɫɢɫɬɟɦɵ. 
ɇɟɫɦɨɬɪɹ ɧɚ ɲɢɪɨɤɭɸ ɨɛɥɚɫɬɶ ɩɪɢɦɟɧɟɧɢɹ: ɨɬ ɪɟɲɟɧɢɹ ɨɩɬɢɦɢɡɚɰɢɨɧɧɵɯ 
ɡɚɞɚɱ ɞɨ ɨɛɭɱɟɧɢɹ ɧɟɣɪɨɧɧɵɯ ɫɟɬɟɣ, ɫɤɨɪɨɫɬɶ ɫɯɨɞɢɦɨɫɬɢ ɦɟɬɨɞɚ ɨɫɬɚɟɬɫɹ ɦɚɥɨ 
ɢɡɭɱɟɧɧɨɣ. Ɉɞɧɚɤɨ ɜ ɪɚɛɨɬɟ Ʌ. ɂɧɛɟɪɝɚ [38] ɩɨɤɚɡɚɧɚ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɦɟɬɨɞɚ ɞɥɹ 
ɛɨɥɶɲɨɝɨ ɤɥɚɫɫɚ ɡɚɞɚɱ. ȼ ɫɪɚɜɧɟɧɢɢ ɠɟ ɫ ɝɟɧɟɬɢɱɟɫɤɢɦɢ ɚɥɝɨɪɢɬɦɚɦɢ [39] 
ɞɚɧɧɵɣ ɦɟɬɨɞ ɧɟ ɬɨɥɶɤɨ ɧɟ ɯɭɠɟ, ɧɨ ɢ ɜɨ ɦɧɨɝɢɯ ɫɥɭɱɚɹɯ ɥɭɱɲɟ. 
Ⱥɥɝɨɪɢɬɦ ɢɦɢɬɚɰɢɢ ɨɬɠɢɝɚ ɞɥɹ ɧɚɯɨɠɞɟɧɢɹ ɷɤɫɬɪɟɦɭɦɚ ɮɭɧɤɰɢɢ ɫɨɫɬɨɢɬ 
ɢɡ ɫɥɟɞɭɸɳɢɯ ɨɫɧɨɜɧɵɯ ɲɚɝɨɜ: 
1) ɫɨɡɞɚɧɢɟ ɧɚɱɚɥɶɧɨɝɨ ɜɟɤɬɨɪɚ ɪɟɲɟɧɢɣ S; 
2) ɢɡɦɟɧɟɧɢɟ ɬɟɤɭɳɟɝɨ ɪɟɲɟɧɢɹ ɫɥɭɱɚɣɧɵɦ ɨɛɪɚɡɨɦ, ɜɵɱɢɫɥɟɧɢɟ ɷɧɟɪɝɢɢ; 
3) ɩɪɨɜɟɪɤɚ ɤɪɢɬɟɪɢɹ ɞɨɩɭɫɤɚ, ɡɚɦɟɧɚ ɬɟɤɭɳɟɝɨ ɪɟɲɟɧɢɹ ɧɨɜɵɦ ɩɨ 
ɧɟɨɛɯɨɞɢɦɨɫɬɢ. 
4) ɫɧɢɠɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ; 
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5) ɩɪɨɜɟɪɤɚ ɤɪɢɬɟɪɢɹ ɨɫɬɚɧɨɜɚ, ɩɨ ɪɟɡɭɥɶɬɚɬɭ ɡɚɜɟɪɲɟɧɢɟ ɢɥɢ ɩɟɪɟɯɨɞ ɤ 
ɲɚɝɭ 2. 
Ⱦɚɥɟɟ ɩɨɞɪɨɛɧɨ ɪɚɫɫɦɨɬɪɟɧɵ ɨɫɧɨɜɧɵɟ ɦɨɦɟɧɬɵ ɚɥɝɨɪɢɬɦɚ ɢɦɢɬɚɰɢɢ 
ɨɬɠɢɝɚ. 
 
3.3.1 ɇɚɱɚɥɶɧɵɣ ɜɟɤɬɨɪ ɪɟɲɟɧɢɣ. ɉɨɥɭɱɟɧɢɟ ɧɨɜɨɝɨ ɪɟɲɟɧɢɹ 
 
ɇɚɱɚɥɶɧɨɟ ɪɟɲɟɧɢɟ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɜɟɤɬɨɪ ɪɟɲɟɧɢɣ S, ɤɚɠɞɵɣ 
ɷɥɟɦɟɧɬ ɤɨɬɨɪɨɝɨ ɛɭɞɟɬ ɧɟɡɚɜɢɫɢɦɨ ɨɬ ɞɪɭɝɢɯ ɩɨɞɜɟɪɠɟɧ ɩɪɨɰɟɞɭɪɟ ɨɬɠɢɝɚ. ɗɬɨ 
ɩɨɡɜɨɥɢɬ ɫ ɛɨɥɶɲɟɣ ɜɟɪɨɹɬɧɨɫɬɶɸ ɧɚɣɬɢ ɉɚɪɟɬɨ-ɨɩɬɢɦɚɥɶɧɵɟ ɪɟɲɟɧɢɹ, 
ɡɧɚɱɢɬɟɥɶɧɨ ɨɬɥɢɱɚɸɳɢɟɫɹ ɞɪɭɝ ɨɬ ɞɪɭɝɚ.  
ɉɨɥɨɠɢɦ ɪɚɡɦɟɪ ɜɟɤɬɨɪɚ ɪɟɲɟɧɢɣ S ɪɚɜɧɵɦ |ܧ′|ଶ, ɚ ɜɫɟ ɷɥɟɦɟɧɬɵ 
ɦɧɨɠɟɫɬɜɚ ܧ′ ɩɪɨɧɭɦɟɪɨɜɚɧɵ ɩɨ ɩɨɪɹɞɤɭ. Ɋɟɲɟɧɢɟ ௜ܵ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ 
ɭɩɨɪɹɞɨɱɟɧɧɵɣ ɜɟɤɬɨɪ ɪɚɡɦɟɪɚ |ܧ′|, ɫɨɫɬɨɹɳɢɣ ɢɡ ɧɭɥɟɣ ɢ ɟɞɢɧɢɰ, ɤɨɬɨɪɵɟ 
ɤɨɞɢɪɭɸɬ ɫɨɫɬɨɹɧɢɟ ɫɢɫɬɟɦɵ. Ɍɨ ɟɫɬɶ, ɫɨɫɬɨɹɧɢɟ ɪɚɜɧɨ 1, ɟɫɥɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ 
ɪɟɛɪɭ ௝݁ ( ௝݁ א ܧ′) ɤɚɧɚɥ ɚɪɟɧɞɨɜɚɧ, ɢ 0 ɜ ɩɪɨɬɢɜɧɨɦ ɫɥɭɱɚɟ.  
Ƚɟɧɟɪɚɰɢɹ ɧɚɱɚɥɶɧɨɝɨ ɪɟɲɟɧɢɹ ɢɡ ɜɟɤɬɨɪɚ S ɩɪɨɢɫɯɨɞɢɬ ɩɭɬɟɦ ɜɵɛɨɪɚ 
ɩɪɨɢɡɜɨɥɶɧɨɝɨ ɰɟɥɨɝɨ ɱɢɫɥɚ ݇ ɨɬ 0 ɞɨ |ܧ′|, ɢ ɡɚɩɨɥɧɟɧɢɹ ݇ ɩɪɨɢɡɜɨɥɶɧɵɯ 
ɷɥɟɦɟɧɬɨɜ ɜɟɤɬɨɪɚ 1, ɚ ɨɫɬɚɥɶɧɵɯ 0. 
ɉɨɫɤɨɥɶɤɭ ɦɟɬɨɞ ɢɦɢɬɚɰɢɢ ɨɬɠɢɝɚ ɩɨɞɪɚɡɭɦɟɜɚɟɬ ɩɟɪɟɯɨɞ ɢɡ ɬɟɤɭɳɟɝɨ 
ɫɨɫɬɨɹɧɢɹ ɜ ɨɞɧɨ ɢɡ «ɫɨɫɟɞɧɢɯ» - ɫɯɨɠɟɝɨ ɩɨ ɫɬɪɭɤɬɭɪɟ ɪɟɲɟɧɢɹ, ɞɨɫɬɚɬɨɱɧɨ 
ɫɥɭɱɚɣɧɵɦ ɨɛɪɚɡɨɦ ɜɵɛɪɚɬɶ ቒ|ா′|8 ቓ (ڿ݇ۀ – ɨɩɟɪɚɰɢɹ ɨɤɪɭɝɥɟɧɢɹ ɱɢɫɥɚ ݇ ɜ ɛɨɥɶɲɭɸ 
ɫɬɨɪɨɧɭ) ɤɨɦɩɨɧɟɧɬɨɜ ɜɟɤɬɨɪɚ ɢ ɩɪɨɢɡɜɟɫɬɢ ɢɯ ɢɧɜɟɪɫɢɸ (0 ɡɚɦɟɧɢɬɶ 1 ɢ 
ɧɚɨɛɨɪɨɬ).  
 
3.3.2 ɋɧɢɠɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ. ȼɵɱɢɫɥɟɧɢɟ ɷɧɟɪɝɢɢ. 
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Ⱦɥɹ ɧɚɱɚɥɶɧɨɝɨ ɦɨɦɟɧɬɚ ɜɪɟɦɟɧɢ ɜɵɛɪɚɧɚ ɬɟɦɩɟɪɚɬɭɪɚ ௠ܶ௔𝑥=100. Ⱦɚɥɟɟ 
ɩɨɫɥɟ ɤɚɠɞɨɣ ɞɟɫɹɬɨɣ ɢɬɟɪɚɰɢɢ (ݐ=10) ɩɪɨɢɫɯɨɞɢɬ ɫɧɢɠɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ 
ɫɨɝɥɚɫɧɨ ɡɚɤɨɧɭ: 
 ௜ܶ+ଵ = ܿ ௜ܶ , (16) 
ɝɞɟ ɤɨɷɮɮɢɰɢɟɧɬ с = 0.98 [23]. 
 
Ⱦɥɹ ɪɚɫɱɟɬɚ ɷɧɟɪɝɢɢ ɩɟɪɟɯɨɞɚ ɢɡ ɫɨɫɬɨɹɧɢɹ 𝑥 c ɨɰɟɧɤɨɣ ሺܳଵሺ𝑥ሻ, ܳଶሺ𝑥ሻሻ, ɜ 
ɫɨɫɬɨɹɧɢɟ 𝑥′ ɫ ɨɰɟɧɤɨɣ ሺܳଵሺ𝑥′ሻ, ܳଶሺ𝑥′ሻሻ, ɱɚɳɟ ɢɫɩɨɥɶɡɭɸɬ ɮɨɪɦɭɥɭ: 
 ݁−(max ሺ|ொభሺ𝑥ሻ−ொభሺ𝑥′ሻ|,|ொమሺ𝑥ሻ−ொమሺ𝑥′ሻ|ሻ் ), (17) 
 
3.3.3 Ʉɪɢɬɟɪɢɢ ɞɨɩɭɫɤɚ ɢ ɤɪɢɬɟɪɢɣ ɨɫɬɚɧɨɜɚ 
 
Ɂɚɦɟɧɚ ɬɟɤɭɳɟɝɨ ɪɟɲɟɧɢɹ ɧɚ ɧɨɜɨɟ ɩɪɨɢɫɯɨɞɢɬ, ɟɫɥɢ ɜɵɩɨɥɧɹɟɬɫɹ ɯɨɬɹ ɛɵ 
ɨɞɧɨ ɢɡ ɭɫɥɨɜɢɣ (ɤɪɢɬɟɪɢɟɜ ɞɨɩɭɫɤɚ): 
1) Ɂɧɚɱɟɧɢɟ ɷɧɟɪɝɢɢ, ɪɚɫɫɱɢɬɚɧɧɨɟ ɩɨ ɮɨɪɦɭɥɟ (16) ɧɟ ɩɪɟɜɨɫɯɨɞɢɬ 
ɧɟɤɨɬɨɪɨɣ ɫɥɭɱɚɣɧɨɣ ɜɟɥɢɱɢɧɵ, ɜɵɛɪɚɧɧɨɣ ɪɚɜɧɨɜɟɪɨɹɬɧɨ ɧɚ ɨɬɪɟɡɤɟ [0,1]. 
2) ܳଵሺ𝑥ሻ − ܳଵሺ𝑥′ሻ < Ͳ, ɬɨ ɟɫɬɶ ɧɨɜɨɟ ɪɟɲɟɧɢɟ 𝑥′ ɢɦɟɟɬ ɦɟɧɶɲɭɸ 
ɫɬɨɢɦɨɫɬɶ ɚɪɟɧɞɵ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɋɉȾ. 
3) ܳଶሺ𝑥ሻ − ܳଶሺ𝑥′ሻ > Ͳ, ɬɨ ɟɫɬɶ ɧɨɜɨɟ ɪɟɲɟɧɢɟ 𝑥′ ɢɦɟɟɬ ɛɨɥɶɲɭɸ 
ɩɪɨɩɭɫɤɧɭɸ ɫɩɨɫɨɛɧɨɫɬɶ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɋɉȾ. 
Ʉɪɨɦɟ ɬɨɝɨ, ɩɪɢ ɜɵɩɨɥɧɟɧɢɢ ɯɨɬɹ ɛɵ ɨɞɧɨɝɨ ɢɡ ɨɩɢɫɚɧɧɵɯ ɤɪɢɬɟɪɢɟɜ, 
ɪɟɲɟɧɢɟ 𝑥′ ɫɬɚɧɨɜɢɬɫɹ ɤɚɧɞɢɞɚɬɨɦ ɧɚ ɞɨɛɚɜɥɟɧɢɟ ɜɨ ɦɧɨɠɟɫɬɜɨ 
ɧɟɞɨɦɢɧɢɪɭɟɦɵɯ ɪɟɲɟɧɢɣ NS. ɂɧɚɱɟ, ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɟ ɪɟɲɟɧɢɟ ɡɚɦɟɧɹɟɬɫɹ ɧɚ 
ɩɪɨɢɡɜɨɥɶɧɨɟ ɢɡ S. 
Ⱥɥɝɨɪɢɬɦ ɩɪɟɤɪɚɳɚɟɬ ɪɚɛɨɬɭ ɩɨɫɥɟ ɨɱɟɪɟɞɧɨɝɨ ɫɧɢɠɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɞɨ 
ɨɩɪɟɞɟɥɟɧɧɨɝɨ ɦɢɧɢɦɚɥɶɧɨɝɨ ɡɧɚɱɟɧɢɹ ௠ܶ௜௡= 0.5. 
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3.3.4 Ⱦɨɩɨɥɧɢɬɟɥɶɧɵɟ ɷɜɪɢɫɬɢɤɢ 
 
ɉɨɫɤɨɥɶɤɭ ɧɚ ɩɪɚɤɬɢɤɟ ɪɟɲɟɧɢɹ ɫ ɧɟɛɨɥɶɲɢɦɢ, ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ 
ɫɨɜɪɟɦɟɧɧɵɯ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɫɩɨɫɨɛɧɨɫɬɟɣ, ɪɚɡɥɢɱɢɹɦɢ ɜ ɨɛɳɟɣ ɩɪɨɩɭɫɤɧɨɣ 
ɫɩɨɫɨɛɧɨɫɬɢ ɫɟɬɢ ɢ, ɨɞɧɨɜɪɟɦɟɧɧɨ, ɫɬɨɢɦɨɫɬɢ ɚɪɟɧɞɵ ɧɟ ɩɪɟɞɫɬɚɜɥɹɸɬ ɢɧɬɟɪɟɫɚ, 
ɩɪɟɞɥɚɝɚɟɬɫɹ ɜɜɟɫɬɢ ɧɚɫɬɪɚɢɜɚɟɦɭɸ ɅɉɊ ɩɨɝɪɟɲɧɨɫɬɶ ɩɪɢ ɩɪɨɜɟɪɤɟ ɧɚ 
ɞɨɦɢɧɢɪɭɟɦɨɫɬɶ.  
ɇɚɩɪɢɦɟɪ, ɦɧɨɠɟɫɬɜɨ ɧɟɞɨɦɢɧɢɪɭɟɦɵɯ ɨɰɟɧɨɤ ɪɟɲɟɧɢɣ ɫɨɞɟɪɠɢɬ 
ɷɥɟɦɟɧɬ (1028, 1000), ɤɨɬɨɪɵɣ ɩɪɨɜɟɪɹɟɬɫɹ ɧɚ ɞɨɦɢɧɢɪɭɟɦɨɫɬɶ ɨɰɟɧɤɨɣ (1029, 
1030). ɅɉɊ ɫɱɢɬɚɟɬ ɧɟɫɭɳɟɫɬɜɟɧɧɵɦ ɢɡɦɟɧɟɧɢɟ ɩɪɨɩɭɫɤɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ ɫɟɬɢ ɜ 
ɩɪɟɞɟɥɚɯ 500 Ɇɛ ɢ ɫɬɨɢɦɨɫɬɢ ɚɪɟɧɞɵ ɜ 300 ɭ.ɟ.. Ɍɨɝɞɚ ɪɟɲɟɧɢɟ (1028, 1000) 
ɡɚɦɟɧɹɟɬɫɹ ɧɚ ɞɨɦɢɧɢɪɭɸɳɟɟ ɟɝɨ (1029, 1030). Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɦɨɠɧɨ ɩɪɢ 
ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɫɨɤɪɚɬɢɬɶ ɤɨɥɢɱɟɫɬɜɨ ɧɟɞɨɦɢɧɢɪɭɟɦɵɯ ɪɟɲɟɧɢɣ, ɢɫɤɥɸɱɢɜ 
ɨɞɧɨɨɛɪɚɡɧɵɟ ɩɨ ɦɧɟɧɢɸ ɅɉɊ ɪɟɲɟɧɢɹ, ɬɟɦ ɫɚɦɵɦ ɨɛɥɟɝɱɢɜ ɞɚɥɶɧɟɣɲɢɣ 
ɚɧɚɥɢɡ. 
 
3.3.5 Ɉɰɟɧɤɚ ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ ɫɥɨɠɧɨɫɬɢ 
 
ɂɫɩɨɥɶɡɭɹ ɧɨɜɟɣɲɢɣ ɚɥɝɨɪɢɬɦ Ɉɪɥɢɧɚ [40] ɞɥɹ ɧɚɯɨɠɞɟɧɢɹ 
ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɩɨɬɨɤɚ ɜɪɟɦɹ ɩɨɢɫɤɚ ɦɚɤɫɢɦɚɥɶɧɨɣ ɩɪɨɩɭɫɤɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ 
ɫɟɬɢ ɢ ɫɬɨɢɦɨɫɬɢ ɚɪɟɧɞɵ ɤɚɧɚɥɨɜ ɛɭɞɟɬ ɩɨɪɹɞɤɚ ܱሺ|𝑉| ∙ |ܧ|ሻ. Ʉɨɥɢɱɟɫɬɜɨ 
ɢɬɟɪɚɰɢɣ ɩɪɢ ɫɧɢɠɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ ɨɬ ௠ܶ௔𝑥 ɞɨ ௠ܶ௜௡ ɩɨ ɡɚɤɨɧɭ (16) ɪɚɜɧɨ ݐ ∙log௖ ቀ்೘𝑖೙೘்𝑎𝑥ቁ. ɉɨɢɫɤ ɧɨɜɨɝɨ ɪɟɲɟɧɢɹ ɩɪɨɢɫɯɨɞɢɬ ɡɚ ɜɪɟɦɹ ܱሺ|ܧ′|ሻ. 
ɂɬɨɝɨ, ɧɚ ɜɵɱɢɫɥɟɧɢɟ ɜɟɤɬɨɪɚ ɪɟɲɟɧɢɣ S ɧɚ ɤɚɠɞɨɣ ɢɬɟɪɚɰɢɢ ɩɨɬɪɟɛɭɟɬɫɹ 
ɩɨɪɹɞɤɚ ܱሺ|ܧ′| ∙ ሺ|𝑉| ∙ |ܧ| + |ܧ′|ሻሻ ɜɪɟɦɟɧɢ. ȼɫɟɝɨ ɤɨɥɢɱɟɫɬɜɨ ɢɬɟɪɚɰɢɣ ɪɚɜɧɨ 
ɜɟɥɢɱɢɧɟ |ܵ| ∙ ݐ ∙ log௖ ቀ்೘𝑖೙೘்𝑎𝑥ቁ. 
 
3.4 Ʉɨɦɛɢɧɢɪɨɜɚɧɧɵɣ ɦɟɬɨɞ 
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ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɷɜɪɢɫɬɢɤ ɧɚ ɨɩɪɟɞɟɥɟɧɧɵɯ ɷɬɚɩɚɯ ɪɚɛɨɬɵ ɦɟɬɨɞɚ ɜɟɬɜɟɣ ɢ 
ɝɪɚɧɢɰ ɩɨɡɜɨɥɹɟɬ ɫɨɤɪɚɬɢɬɶ ɜɪɟɦɹ ɪɚɛɨɬɵ ɚɥɝɨɪɢɬɦɚ, ɩɪɢ ɷɬɨɦ ɧɟ ɬɟɪɹɹ ɜ 
ɤɚɱɟɫɬɜɟ ɪɟɡɭɥɶɬɚɬɚ. 
ȼ ɪɚɛɨɬɟ [21] ɩɪɟɞɥɨɠɟɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɷɜɪɢɫɬɢɤɭ ɧɚ ɷɬɚɩɟ ɢɧɢɰɢɚɥɢɡɚɰɢɢ 
ɦɧɨɠɟɫɬɜɚ ɪɟɤɨɪɞɨɜ R, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɧɚ ɧɚɱɚɥɶɧɵɯ ɢɬɟɪɚɰɢɹɯ ɨɬɫɟɱɶ ɡɚɜɟɞɨɦɨ 
ɧɟɨɩɬɢɦɚɥɶɧɵɟ ɩɨɞɦɧɨɠɟɫɬɜɚ ɪɟɲɟɧɢɣ.  
 
3.5 ȼɵɱɢɫɥɢɬɟɥɶɧɵɣ ɷɤɫɩɟɪɢɦɟɧɬ 
 
ɗɤɫɩɟɪɢɦɟɧɬ ɩɪɨɜɨɞɢɥɫɹ ɧɚ ɤɨɦɩɶɸɬɟɪɟ ɫ ɱɟɬɵɪɟɯɴɹɞɟɪɧɵɦ ɩɪɨɰɟɫɫɨɪɨɦ 
Intel® Core™ i7-4710MQ, ɱɚɫɬɨɬɚ ɤɨɬɨɪɨɝɨ ɪɚɜɧɚ 2.5 ȽȽɰ, ɢ 12 Ƚɛ ɨɩɟɪɚɬɢɜɧɨɣ 
ɩɚɦɹɬɶɸ DDR4. 
ȼ ɩɪɨɰɟɫɫɟ ɷɤɫɩɟɪɢɦɟɧɬɚ ɛɵɥɢ ɫɝɟɧɟɪɢɪɨɜɚɧɵ ɫɥɭɱɚɣɧɵɦ ɨɛɪɚɡɨɦ 100 
ɪɚɡɥɢɱɧɵɯ ɋɉȾ ɫ |ܧ′| = 15, 20, 25, 30, 35, 40, ɞɥɹ ɤɨɬɨɪɵɯ ɛɵɥɨ ɪɚɫɫɱɢɬɚɧɨ 
ɫɪɟɞɧɟɟ ɜɪɟɦɹ ɪɚɛɨɬɵ ɪɟɚɥɢɡɨɜɚɧɧɵɯ ɚɥɝɨɪɢɬɦɨɜ ɢ ɩɪɨɢɡɜɟɞɟɧɚ ɨɰɟɧɤɚ 
ɨɬɤɥɨɧɟɧɢɹ ɫɭɛɨɩɬɢɦɚɥɶɧɨɝɨ ɦɧɨɠɟɫɬɜɚ, ɧɚɣɞɟɧɧɨɝɨ ɚɥɝɨɪɢɬɦɨɦ ɢɦɢɬɚɰɢɢ 
ɨɬɠɢɝɚ.  
ȼ ɬɚɛɥɢɰɟ 2 ɭɤɚɡɚɧɵ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɞɚɧɧɵɟ ɩɨ ɜɪɟɦɟɧɢ ɪɚɛɨɬɵ 
ɪɟɚɥɢɡɨɜɚɧɧɵɯ ɚɥɝɨɪɢɬɦɨɜ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɯɨɞɧɵɯ ɞɚɧɧɵɯ. ɇɚ ɨɫɧɨɜɟ ɷɬɢɯ 
ɞɚɧɧɵɯ ɛɵɥ ɩɨɫɬɪɨɟɧ ɫɪɚɜɧɢɬɟɥɶɧɵɣ ɝɪɚɮɢɤ (ɪɢɫɭɧɨɤ 5). ɇɚ ɝɪɚɮɢɤɟ ɜɢɞɧɨ, ɱɬɨ 
ɥɭɱɲɢɣ ɪɟɡɭɥɶɬɚɬ ɩɪɢ |ܧ′| ɧɟ ɩɪɟɜɵɲɚɸɳɟɦ 25 ɩɨɤɚɡɵɜɚɟɬ ɦɟɬɨɞ ɜɟɬɜɟɣ ɢ 
ɝɪɚɧɢɰ, ɨɬ 25 ɞɨ 30 – ɤɨɦɛɢɧɢɪɨɜɚɧɧɵɣ ɦɟɬɨɞ, ɛɨɥɟɟ 30 – ɚɥɝɨɪɢɬɦ ɢɦɢɬɚɰɢɢ 
ɨɬɠɢɝɚ. 
 
Ɍɚɛɥɢɰɚ 2 – ɋɪɟɞɧɟɟ ɜɪɟɦɹ ɪɚɛɨɬɵ ɚɥɝɨɪɢɬɦɨɜ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɯɨɞɧɵɯ ɞɚɧɧɵɯ 
|ܧ′| |𝑉| Ɇɟɬɨɞ ɜɟɬɜɟɣ ɢ ɝɪɚɧɢɰ Ⱥɥɝɨɪɢɬɦ ɢɦɢɬɚɰɢɢ ɨɬɠɢɝɚ Ʉɨɦɛɢɧɢɪɨɜɚɧɧɵɣ ɦɟɬɨɞ ݐ௠௜௡, ˔ ݐ௠௔𝑥, ˔ ݐ˔˓, ˔ ݐ௠௜௡, ˔ ݐ௠௔𝑥, ˔ ݐ˔˓, ˔ ݐ௠௜௡, ˔ ݐ௠௔𝑥 , ˔ ݐ˔˓, ˔ 
15 13 0,004 0,197 0,050 0,972 9,975 4,115 1,115 6,091 1,537 
20 14 0,04 2,29 0,35 4,81 18,76 8,97 1,20 7,42 1,50 
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25 15 0,10 34,11 6,53 5,59 31,83 18,13 3,22 43,40 7,71 
30 17 0,41 220,49 59,62 6,51 94,82 29,70 3,94 293,34 36,02 
35 17 0,99 4290,01 279,54 11,08 112,27 46,69 4,06 1286,1 144,21 
40 19 410,08 35330 2330,01 28,56 151,71 82,07 20,25 17112 536,61 
 
 
Ɋɢɫɭɧɨɤ 5 – ɋɪɚɜɧɢɬɟɥɶɧɵɣ ɝɪɚɮɢɤ ɫɪɟɞɧɟɝɨ ɜɪɟɦɟɧɢ ɪɚɛɨɬɵ ɚɥɝɨɪɢɬɦɨɜ 
 
ȼ ɬɚɛɥɢɰɟ 3 ɭɤɚɡɚɧɵ ɫɜɟɞɟɧɢɹ ɨɛ ɨɬɤɥɨɧɟɧɢɢ ɦɧɨɠɟɫɬɜɚ ɫɭɛɨɩɬɢɦɚɥɶɧɵɯ 
ɪɟɲɟɧɢɣ, ɧɚɣɞɟɧɧɨɝɨ ɫ ɩɨɦɨɳɶɸ ɚɥɝɨɪɢɬɦɚ ɢɦɢɬɚɰɢɢ ɨɬɠɢɝɚ, ɨɬ ɦɧɨɠɟɫɬɜɚ 
ɉɚɪɟɬɨ.  
 
Ɍɚɛɥɢɰɚ 3 – Ɉɰɟɧɤɚ ɨɬɤɥɨɧɟɧɢɹ ɫɭɛɨɩɬɢɦɚɥɶɧɨɝɨ ɦɧɨɠɟɫɬɜɚ ɨɬ ɦɧɨɠɟɫɬɜɚ 
ɉɚɪɟɬɨ-ɨɩɬɢɦɚɥɶɧɵɯ ɪɟɲɟɧɢɣ |ܧ′| |𝑉| ∆ଵሺܲ, ܲ′ሻ ∆ଶሺܲ, ܲ′ሻ ∆௠௜௡, % ∆௠௔𝑥, % ∆˔˓, % ∆௠௜௡, % ∆௠௔𝑥, % ∆˔˓, % 
37 
15 13 10,01 81,97 48,14 0,00 15,11 6,08 
20 14 10,58 90,93 42,76 2,00 44,00 13,70 
25 15 21,16 97,57 57,68 3,46 30,60 17,32 
30 17 28,15 97,59 64,31 2,99 25,83 13,37 
 
 
Ɋɢɫɭɧɨɤ 6 – Ƚɪɚɮɢɤ ɨɰɟɧɤɢ ∆ଵሺܲ, ܲ′ሻ 
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Ɋɢɫɭɧɨɤ 7 – Ƚɪɚɮɢɤ ɨɰɟɧɤɢ ∆ଶሺܲ, ܲ′ሻ 
 
ȼɵɱɢɫɥɢɬɟɥɶɧɵɣ ɷɤɫɩɟɪɢɦɟɧɬ ɩɨɤɚɡɚɥ, ɱɬɨ ɞɥɹ ɧɚɢɫɤɨɪɟɣɲɟɝɨ ɩɨɥɭɱɟɧɢɹ 
ɪɟɲɟɧɢɣ ɬɟɨɪɟɬɢɱɟɫɤɢɯ ɡɚɞɚɱ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɷɜɪɢɫɬɢɤɢ ɰɟɥɟɫɨɨɛɪɚɡɧɨ, ɤɨɝɞɚ 
ɤɨɥɢɱɟɫɬɜɨ ɩɪɟɞɥɚɝɚɟɦɵɯ ɤ ɚɪɟɧɞɟ ɤɚɧɚɥɨɜ ɛɨɥɶɲɟ 30. ɉɪɢ ɦɟɧɶɲɟɦ ɤɨɥɢɱɟɫɬɜɟ 
ɦɟɬɨɞ ɜɟɬɜɟɣ ɢ ɝɪɚɧɢɰ ɭɫɩɟɲɧɨ ɫɩɪɚɜɥɹɟɬɫɹ ɫ ɪɟɲɟɧɢɟɦ.  
Ɉɞɧɚɤɨ ɞɥɹ ɪɟɲɟɧɢɹ ɩɪɚɤɬɢɱɟɫɤɢɯ ɡɚɞɚɱ ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɨɬɞɚɬɶ 
ɩɪɟɞɩɨɱɬɟɧɢɟ ɬɨɱɧɵɦ ɦɟɬɨɞɚɦ, ɩɨɫɤɨɥɶɤɭ ɩɪɢɦɟɧɟɧɢɟ ɬɨɥɶɤɨ ɷɜɪɢɫɬɢɱɟɫɤɢɯ 
ɦɟɬɨɞɨɜ ɩɪɟɞɩɨɥɚɝɚɟɬ ɪɢɫɤɢ, ɤɨɬɨɪɵɟ ɫɬɨɢɬ ɢɡɛɟɝɚɬɶ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɢ 
ɪɟɲɟɧɢɢ ɩɪɚɤɬɢɱɟɫɤɢɯ ɡɚɞɚɱ, ɤɨɝɞɚ ɤɨɥɢɱɟɫɬɜɨ ɩɪɟɞɥɚɝɚɟɦɵɯ ɤ ɚɪɟɧɞɟ ɤɚɧɚɥɨɜ 
ɩɪɟɜɵɲɚɟɬ 25 ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɩɪɢɦɟɧɹɬɶ ɤɨɦɛɢɧɢɪɨɜɚɧɧɵɣ ɦɟɬɨɞ. ȿɝɨ 
ɩɪɢɦɟɧɟɧɢɟ ɩɨɡɜɨɥɢɬ ɩɨɥɭɱɢɬɶ ɪɟɲɟɧɢɟ ɡɚ ɦɟɧɶɲɟɟ, ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɦɟɬɨɞɨɦ 
ɜɟɬɜɟɣ ɢ ɝɪɚɧɢɰ, ɜɪɟɦɹ, ɧɟ ɩɨɬɟɪɹɜ ɩɪɢ ɷɬɨɦ ɜ ɤɚɱɟɫɬɜɟ. Ʉɪɨɦɟ ɬɨɝɨ, 
ɞɨɩɨɥɧɢɬɟɥɶɧɚɹ ɷɜɪɢɫɬɢɤɚ ɩɨɡɜɨɥɢɬ ɫɨɤɪɚɬɢɬɶ ɦɧɨɠɟɫɬɜɨ ɉɚɪɟɬɨ-ɨɩɬɢɦɚɥɶɧɵɯ 
ɪɟɲɟɧɢɣ, ɱɬɨ ɭɩɪɨɫɬɢɬ ɞɚɥɶɧɟɣɲɢɣ ɚɧɚɥɢɡ ɪɟɡɭɥɶɬɚɬɨɜ ɞɥɹ ɅɉɊ. 
39 
4 ɉɪɨɝɪɚɦɦɧɚɹ ɪɟɚɥɢɡɚɰɢɹ ɦɟɬɨɞɨɜ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɨɩɬɢɦɢɡɚɰɢɢ 
ɫɟɬɢ ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ 
 
4.1 Ʉɪɚɬɤɨɟ ɨɩɢɫɚɧɢɟ 
 
Ʉɨɧɟɱɧɵɦ ɩɨɥɶɡɨɜɚɬɟɥɟɦ ɩɪɨɝɪɚɦɦɵ ɹɜɥɹɟɬɫɹ ɢɧɠɟɧɟɪ ɨɬɞɟɥɚ ɫɢɫɬɟɦ 
ɫɜɹɡɢ ɢ ɬɟɥɟɤɨɦɦɭɧɢɤɚɰɢɣ ɋɢɛɢɪɫɤɨɝɨ ɛɚɧɤɚ.  
Ɋɚɡɪɚɛɨɬɚɧɧɨɟ ɩɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ ɩɨɡɜɨɥɹɟɬ ɩɨɥɶɡɨɜɚɬɟɥɸ: 
- ɡɚɞɚɜɚɬɶ ɋɉȾ ɜ ɝɪɚɮɢɱɟɫɤɨɦ ɢ ɦɚɬɪɢɱɧɨɦ ɜɢɞɟ; 
- ɫɨɯɪɚɧɹɬɶ ɨɩɢɫɚɧɢɟ ɫɟɬɢ ɜ ɮɚɣɥ ɢ ɡɚɝɪɭɠɚɬɶ ɢɡ ɮɚɣɥɚ; 
- ɮɨɪɦɢɪɨɜɚɬɶ ɢ ɫɨɯɪɚɧɹɬɶ ɨɬɱɟɬ ɜ ɮɨɪɦɚɬɟ txt, ɫɨɫɬɚɜɥɟɧɧɵɣ ɫɨɝɥɚɫɧɨ 
ɫɬɚɧɞɚɪɬɭ ɨɪɝɚɧɢɡɚɰɢɢ; 
- ɜɵɛɢɪɚɬɶ ɦɟɬɨɞ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɫɚɦɨɫɬɨɹɬɟɥɶɧɨ ɢɥɢ ɨɫɬɚɜɢɬɶ 
ɪɟɤɨɦɟɧɞɭɟɦɵɣ ɞɥɹ ɡɚɞɚɧɧɨɣ ɪɚɡɦɟɪɧɨɫɬɢ ɡɚɞɚɱɢ ɦɟɬɨɞ. 
ɂɧɬɭɢɬɢɜɧɨ ɩɨɧɹɬɧɵɣ ɝɪɚɮɢɱɟɫɤɢɣ ɢɧɬɟɪɮɟɣɫ ɩɪɨɝɪɚɦɦɵ ɩɨɦɨɝɚɟɬ 
ɩɨɥɶɡɨɜɚɬɟɥɸ ɛɵɫɬɪɨ ɢ ɷɮɮɟɤɬɢɜɧɨ ɪɟɲɚɬɶ ɩɨɫɬɚɜɥɟɧɧɵɟ ɩɟɪɟɞ ɧɢɦ ɡɚɞɚɱɢ ɫ 
ɩɨɦɨɳɶɸ ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ. 
ɉɪɨɝɪɚɦɦɚ ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬ ɪɚɫɲɢɪɟɧɧɵɟ ɧɚɫɬɪɨɣɤɢ ɞɥɹ ɨɩɵɬɧɵɯ 
ɩɨɥɶɡɨɜɚɬɟɥɟɣ, ɞɥɹ ɛɨɥɟɟ ɝɢɛɤɨɝɨ ɩɨɞɯɨɞɚ ɤ ɪɟɲɟɧɢɸ ɫɩɟɰɢɮɢɱɟɫɤɢɯ ɡɚɞɚɱ. 
 
4.2 ɋɪɟɞɫɬɜɚ ɪɚɡɪɚɛɨɬɤɢ 
 
ɉɪɨɝɪɚɦɦɧɵɣ ɤɨɦɩɥɟɤɫ ɪɟɚɥɢɡɨɜɚɧ ɜ ɢɧɬɟɝɪɢɪɨɜɚɧɧɨɣ ɫɪɟɞɟ ɪɚɡɪɚɛɨɬɤɢ 
Microsoft Visual Studio 2012 ɧɚ ɹɡɵɤɟ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ ɜɵɫɨɤɨɝɨ ɭɪɨɜɧɹ C# 
ɜɟɪɫɢɢ 5.0.  
Ƚɪɚɮɢɱɟɤɢɣ ɩɨɥɶɡɨɜɚɬɟɥɶɫɤɢɣ ɢɧɬɟɪɮɟɣɫ ɫɨɡɞɚɧ ɫ ɩɨɦɨɳɶɸ ɬɟɯɧɨɥɨɝɢɢ 
Windows Presentation Foundation (WPF) ɧɚ ɹɡɵɤɟ XAML. 
 
4.3 Ɋɟɤɨɦɟɧɞɭɟɦɵɟ ɫɢɫɬɟɦɧɵɟ ɬɪɟɛɨɜɚɧɢɹ 
 
40 
Ɋɟɤɨɦɟɧɞɭɟɦɚɹ ɬɚɤɬɨɜɚɹ ɱɚɫɬɨɬɚ ɩɪɨɰɟɫɫɨɪɚ 2 ȽȽɰ ɢɥɢ ɛɨɥɟɟ, ɨɬ 1 ȽȻ ɈɁɍ 
ɞɥɹ Windows 7/8/10. Ɉɩɟɪɚɰɢɨɧɧɚɹ ɫɢɫɬɟɦɚ Microsoft Windows 7/8/10 32-
ɪɚɡɪɹɞɧɚɹ ɢɥɢ 64-ɪɚɡɪɹɞɧɚɹ. Ɍɪɟɛɭɟɬɫɹ 10 MB ɫɜɨɛɨɞɧɨɣ ɩɚɦɹɬɢ ɧɚ ɫɢɫɬɟɦɧɨɦ 
ɞɢɫɤɟ; 
 
4.4 ɉɪɨɬɨɬɢɩ ɝɪɚɮɢɱɟɫɤɨɝɨ ɩɨɥɶɡɨɜɚɬɟɥɶɫɤɨɝɨ ɢɧɬɟɪɮɟɣɫɚ 
 
4.4.1 ȼɢɞ ɝɥɚɜɧɨɝɨ ɨɤɧɚ ɩɪɨɝɪɚɦɦɵ 
 
ɇɚ ɪɢɫɭɧɤɟ 8 ɢ 9 ɩɪɟɞɫɬɚɜɥɟɧɵ ɫɤɪɢɧɲɨɬɵ ɝɥɚɜɧɨɝɨ ɨɤɧɚ ɩɪɨɝɪɚɦɦɵ. 
 
 







Ɋɢɫɭɧɨɤ 9 – ɋɤɪɢɧɲɨɬ ɝɥɚɜɧɨɝɨ ɨɤɧɚ ɩɪɨɝɪɚɦɦɵ ɫ ɪɟɡɭɥɶɬɚɬɚɦɢ 
 
ɇɢɠɟ ɩɪɢɜɟɞɟɧɨ ɨɩɢɫɚɧɢɟ ɨɛɨɡɧɚɱɟɧɢɣ ɧɚ ɪɢɫɭɧɤɚɯ 8 ɢ 9. 
1) Ɉɛɥɚɫɬɶ ɜɜɨɞɚ ɢ ɨɬɨɛɪɚɠɟɧɢɹ ɋɉȾ. ɍɡɥɨɜɵɟ ɷɥɟɦɟɧɬɵ ɫɟɬɢ 
ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɨɤɪɭɠɧɨɫɬɢ ɫ ɢɞɟɧɬɢɮɢɤɚɰɢɨɧɧɵɦ ɧɨɦɟɪɨɦ ɜɧɭɬɪɢ. Ⱦɥɹ 
ɞɨɛɚɜɥɟɧɢɹ ɭɡɥɚ ɞɨɫɬɚɬɨɱɧɨ ɤɥɢɤɧɭɬɶ ɥɟɜɨɣ ɤɧɨɩɤɨɣ ɦɵɲɢ (ɅɄɆ) ɧɚ ɫɜɨɛɨɞɧɨɟ 
ɩɪɨɫɬɪɚɧɫɬɜɨ ɜɧɭɬɪɢ ɨɛɥɚɫɬɢ. Ʉɚɧɚɥɵ ɨɛɨɡɧɚɱɟɧɵ ɥɢɧɢɹɦɢ, ɫɨɟɞɢɧɹɸɳɢɦɢ 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɭɡɥɵ. Ⱦɥɹ ɤɚɠɞɨɝɨ ɤɚɧɚɥɚ ɭɤɚɡɚɧɚ ɩɪɨɩɭɫɤɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɢ 
ɜɟɥɢɱɢɧɚ ɚɪɟɧɞɧɨɣ ɩɥɚɬɵ. ɉɪɟɞɥɨɠɟɧɧɵɟ ɩɪɨɜɚɣɞɟɪɨɦ ɤɚɧɚɥɵ (ɟɳɟ ɧɟ 
ɚɪɟɧɞɨɜɚɧɧɵɟ) ɨɛɨɡɧɚɱɟɧɵ ɩɭɧɤɬɢɪɧɵɦɢ ɥɢɧɢɹɦɢ ɫɟɪɨɝɨ ɰɜɟɬɚ, ɭɠɟ 
ɚɪɟɧɞɨɜɚɧɧɵɟ – ɫɩɥɨɲɧɵɦɢ ɥɢɧɢɹɦɢ ɱɟɪɧɨɝɨ ɰɜɟɬɚ. Ⱦɥɹ ɞɨɛɚɜɥɟɧɢɹ ɧɨɜɨɝɨ 
ɤɚɧɚɥɚ ɧɟɨɛɯɨɞɢɦɨ ɜɵɛɪɚɬɶ ɫɧɚɱɚɥɚ ɧɚɱɚɥɶɧɭɸ ɜɟɪɲɢɧɭ, ɚ ɡɚɬɟɦ ɤɨɧɟɱɧɭɸ. 




ɨɬɨɛɪɚɠɟɧɢɹ ɋɉȾ ɦɚɫɲɬɚɛɢɪɭɟɦɚ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɩɪɨɫɦɚɬɪɢɜɚɬɶ ɫɟɬɶ ɫ ɛɨɥɶɲɢɦ 
ɤɨɥɢɱɟɫɬɜɨɦ ɷɥɟɦɟɧɬɨɜ. 
2) Ɉɛɥɚɫɬɶ ɫ ɭɩɪɚɜɥɹɸɳɢɦɢ ɷɥɟɦɟɧɬɚɦɢ. ȼ ɧɟɣ ɧɚɯɨɞɢɬɫɹ: ɩɟɪɟɤɥɸɱɚɬɟɥɶ 
ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɪɟɠɢɦɚ ɨɩɪɟɞɟɥɟɧɢɹ ɢɫɬɨɱɧɢɤɚ ɢ ɫɬɨɤɚ ɜ ɫɟɬɢ; ɜɵɛɨɪ 
ɪɟɚɥɢɡɨɜɚɧɧɵɯ ɦɟɬɨɞɨɜ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɨɩɬɢɦɢɡɚɰɢɢ ɋɉȾ; ɪɚɫɲɢɪɟɧɧɵɟ 
ɧɚɫɬɪɨɣɤɢ ɞɥɹ ɨɩɵɬɧɵɯ ɩɨɥɶɡɨɜɚɬɟɥɟɣ; ɤɧɨɩɤɚ ɡɚɩɭɫɤɚ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ 
ɨɩɬɢɦɢɡɚɰɢɢ ɡɚɞɚɧɧɨɣ ɋɉȾ ɢ ɤɧɨɩɤɚ ɨɱɢɫɬɤɢ ɩɨɥɭɱɟɧɧɵɯ ɪɚɧɟɟ ɪɟɡɭɥɶɬɚɬɨɜ. 
3) Ƚɥɚɜɧɨɟ ɦɟɧɸ ɩɪɨɝɪɚɦɦɧɨɝɨ ɤɨɦɩɥɟɤɫɚ. Ɉɬɫɸɞɚ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɞɨɫɬɭɩ 
ɤ ɢɦɟɸɳɢɦɫɹ ɮɭɧɤɰɢɨɧɚɥɶɧɵɦ ɜɨɡɦɨɠɧɨɫɬɹɦ, ɜɤɥɸɱɚɹ ɢɧɮɨɪɦɚɰɢɸ ɨ 
ɩɪɨɝɪɚɦɦɟ ɢ ɫɩɪɚɜɤɭ. 
4) ɋɬɚɬɭɫɧɚɹ ɫɬɪɨɤɚ. ɉɨɤɚɡɵɜɚɟɬ ɩɨɞɫɤɚɡɤɢ ɞɥɹ ɩɨɥɶɡɨɜɚɬɟɥɹ, ɫɨɨɛɳɚɟɬ ɨ 
ɫɬɚɬɭɫɟ ɜɵɩɨɥɧɟɧɢɹ ɨɩɟɪɚɰɢɢ. 
5) Ɍɚɛɥɢɰɚ ɪɟɡɭɥɶɬɚɬɨɜ. Ʉɚɠɞɚɹ ɫɬɪɨɤɚ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɨɞɧɨɦɭ ɪɟɲɟɧɢɸ. ȼ 
ɩɟɪɜɨɦ ɫɬɨɥɛɰɟ ɭɤɚɡɵɜɚɟɬɫɹ ɩɪɨɩɭɫɤɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɫɟɬɢ, ɜ ɜɨ ɜɬɨɪɨɦ – 
ɫɬɨɢɦɨɫɬɶ, ɧɚ ɤɨɬɨɪɭɸ ɭɜɟɥɢɱɢɬɫɹ ɨɛɳɚɹ ɚɪɟɧɞɧɚɹ ɩɥɚɬɚ. 
6) ɉɨɥɟ ɩɪɨɫɦɨɬɪɚ ɜɵɛɪɚɧɧɵɯ ɜ ɬɚɛɥɢɰɟ ɪɟɡɭɥɶɬɚɬɨɜ ɪɟɲɟɧɢɣ. 
 
4.4.2 Ƚɥɚɜɧɨɟ ɦɟɧɸ 
 
Ƚɥɚɜɧɨɟ ɦɟɧɸ ɫɨɫɬɨɢɬ ɢɡ ɫɥɟɞɭɸɳɢɯ ɩɨɞɦɟɧɸ.  
ɉɭɧɤɬɵ ɦɟɧɸ Ɏɚɣɥ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫɭɧɤɟ 10. ɉɭɧɤɬ ɦɟɧɸ «ɋɨɡɞɚɬɶ» 
ɩɨɡɜɨɥɹɟɬ ɧɚɱɚɬɶ ɧɨɜɭɸ ɡɚɞɚɱɭ ɨɩɬɢɦɢɡɚɰɢɢ. «Ɉɬɤɪɵɬɶ» ɩɨɡɜɨɥɹɟɬ ɡɚɝɪɭɠɚɬɶ ɢɡ 
ɬɟɤɫɬɨɜɨɝɨ ɮɚɣɥɚ ɨɩɢɫɚɧɢɟ ɋɉȾ ɫ ɩɨɫɥɟɞɭɸɳɟɣ ɝɪɚɮɢɱɟɫɤɨɣ ɢɧɬɟɪɩɪɟɬɚɰɢɟɣ. 
«ɋɨɯɪɚɧɢɬɶ» ɩɨɡɜɨɥɹɟɬ ɫɨɯɪɚɧɢɬɶ ɢɡɦɟɧɟɧɢɹ ɜ ɫɭɳɟɫɬɜɭɸɳɢɣ ɮɚɣɥ, 
«ɋɨɯɪɚɧɢɬɶ ɤɚɤ…» ɩɨɡɜɨɥɹɟɬ ɫɨɯɪɚɧɢɬɶ ɫɟɬɶ ɜ ɧɨɜɵɣ ɮɚɣɥ. ɉɭɧɤɬ ɦɟɧɸ 




Ɋɢɫɭɧɨɤ 10 – Ɇɟɧɸ Ɏɚɣɥ 
 
Ɇɟɧɸ ɋɟɬɶ ɩɪɟɞɫɬɚɜɥɟɧɨ ɧɚ ɪɢɫɭɧɤɟ 11. ɉɭɧɤɬ «ɇɨɜɵɣ» ɭɞɚɥɹɟɬ ɜɫɟ 
ɫɜɟɞɟɧɢɹ ɨ ɩɪɟɞɵɞɭɳɟɣ ɫɟɬɢ ɢ ɩɨɡɜɨɥɹɟɬ ɧɚɱɚɬɶ ɧɨɜɨɟ ɩɨɫɬɪɨɟɧɢɟ. «Ɉɱɢɫɬɢɬɶ» 
ɭɞɚɥɹɟɬ ɜɫɟ ɪɟɲɟɧɢɹ ɧɚ ɞɚɧɧɨɦ ɝɪɚɮɟ. ɉɭɧɤɬ «ɉɨɢɫɤ» ɡɚɩɭɫɤɚɟɬ ɚɥɝɨɪɢɬɦ 
ɧɚɯɨɠɞɟɧɢɹ ɪɟɲɟɧɢɣ ɨɩɬɢɦɢɡɚɰɢɢ ɋɉȾ. ɉɭɧɤɬ «Ɇɨɞɟɥɢɪɨɜɚɧɢɟ» ɩɨɡɜɨɥɹɟɬ 




Ɋɢɫɭɧɨɤ 11 – Ɇɟɧɸ ɋɟɬɶ 
 
ɉɭɧɤɬɵ ɦɟɧɸ Ɉɬɱɟɬ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫɭɧɤɟ 12. ɉɭɧɤɬ «ɋɮɨɪɦɢɪɨɜɚɬɶ 
ɨɬɱɟɬ» ɩɨɡɜɨɥɹɟɬ ɨɮɨɪɦɢɬɶ ɪɟɡɭɥɶɬɚɬɵ ɜ ɜɢɞɟ ɞɨɤɭɦɟɧɬɚ, ɨɮɨɪɦɥɟɧɧɨɝɨ ɜ 
ɫɨɨɬɜɟɬɫɬɜɢɢ ɫɨ ɫɬɚɧɞɚɪɬɨɦ ɨɪɝɚɧɢɡɚɰɢɢ. ɉɭɧɤɬ «ɋɨɯɪɚɧɢɬɶ» ɩɨɡɜɨɥɹɟɬ 




Ɋɢɫɭɧɨɤ 12 – Ɇɟɧɸ Ɉɬɱɟɬ 
 
Ɇɟɧɸ ɋɩɪɚɜɤɚ ɩɪɟɞɫɬɚɜɥɟɧɨ ɧɚ ɪɢɫɭɧɤɟ 13. «Ɉ ɩɪɨɝɪɚɦɦɟ» ɩɪɟɞɨɫɬɚɜɥɹɟɬ 
ɨɫɧɨɜɧɵɟ ɫɜɟɞɟɧɢɹ ɨ ɜɟɪɫɢɢ ɢ ɪɚɡɪɚɛɨɬɱɢɤɟ. 
 
 
Ɋɢɫɭɧɨɤ 13 – Ɇɟɧɸ ɋɩɪɚɜɤɚ 
 
4.5 Ɉɤɧɚ ɜɜɨɞɚ ɞɚɧɧɵɯ 
 
ɇɚ ɪɢɫɭɧɤɟ 14 ɩɪɟɞɫɬɚɜɥɟɧɨ ɨɤɧɨ ɜɜɨɞɚ ɞɚɧɧɵɯ ɨ ɤɚɧɚɥɟ ɫɜɹɡɢ. ȼ ɩɪɨɰɟɫɫɟ 
ɜɜɨɞɚ ɞɚɧɧɵɯ ɡɚɩɨɥɧɹɸɬɫɹ ɬɚɤɢɟ ɩɨɥɹ, ɤɚɤ ɩɪɨɩɭɫɤɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɢ ɚɪɟɧɞɧɚɹ 
ɩɥɚɬɚ, ɚ ɬɚɤɠɟ ɜɵɛɢɪɚɟɬɫɹ ɚɪɟɧɞɨɜɚɧ ɤɚɧɚɥ ɢɥɢ ɧɟɬ (ɩɪɟɞɥɚɝɚɟɬɫɹ ɩɪɨɜɚɣɞɟɪɨɦ). 
ɇɚ ɪɢɫɭɧɤɟ 15 ɩɪɟɞɫɬɚɜɥɟɧɨ ɨɤɧɨ ɜɜɨɞɚ ɩɚɪɚɦɟɬɪɨɜ ɫɟɬɢ ɞɥɹ 
ɦɨɞɟɥɢɪɨɜɚɧɢɹ. ȼ ɩɪɨɰɟɫɫɟ ɜɜɨɞɚ ɞɚɧɧɵɯ ɡɚɩɨɥɧɹɸɬɫɹ ɬɚɤɢɟ ɩɨɥɹ, ɤɚɤ 
ɤɨɥɢɱɟɫɬɜɨ ɤɨɦɦɭɬɚɬɨɪɨɜ, ɚɪɟɧɞɨɜɚɧɧɵɯ ɢ ɞɨɫɬɭɩɧɵɯ ɤ ɚɪɟɧɞɟ ɪɟɛɟɪ, ɝɪɚɧɢɰɵ 
ɩɪɨɩɭɫɤɧɚɹ ɫɩɨɫɨɛɧɨɫɬɢ ɢ ɚɪɟɧɞɧɨɣ ɫɬɨɢɦɨɫɬɢ ɤɚɧɚɥɨɜ, ɜ ɤɨɬɨɪɵɯ ɛɭɞɭɬ 
ɫɝɟɧɟɪɢɪɨɜɚɧɵ ɫɥɭɱɚɣɧɵɟ ɡɧɚɱɟɧɢɹ. 
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Ɋɢɫɭɧɨɤ 14 – Ɉɤɧɨ ɜɜɨɞɚ ɞɚɧɧɵɯ ɨ ɤɚɧɚɥɟ ɫɜɹɡɢ 
 
 
Ɋɢɫɭɧɨɤ 15 – Ɉɤɧɨ ɜɜɨɞɚ ɩɚɪɚɦɟɬɪɨɜ ɦɨɞɟɥɢɪɨɜɚɧɢɹ 
 
4.6 Ɍɢɩɨɜɨɣ ɫɰɟɧɚɪɢɣ ɪɚɛɨɬɵ ɫ ɩɪɨɝɪɚɦɦɨɣ 
 
Ɍɢɩɨɜɨɣ ɫɰɟɧɚɪɢɣ ɪɚɛɨɬɵ ɫ ɩɪɨɝɪɚɦɦɨɣ ɩɪɟɞɩɨɥɚɝɚɟɬ ɫɥɟɞɭɸɳɢɟ 
ɞɟɣɫɬɜɢɹ: 
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1) Ɂɚɞɚɧɢɟ ɫɬɪɭɤɬɭɪɵ ɋɉȾ ɩɭɬɟɦ ɡɚɝɪɭɡɤɢ ɨɩɢɫɚɧɢɹ ɢɡ ɮɚɣɥɚ ɢ/ɢɥɢ 
ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɵɦ ɞɨɛɚɜɥɟɧɢɟɦ ɧɨɜɵɯ ɜɟɪɲɢɧ ɢ ɪɟɛɟɪ ɫ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦɢ 
ɩɚɪɚɦɟɬɪɚɦɢ (ɩɪɨɩɭɫɤɧɨɣ ɫɩɨɫɨɛɧɨɫɬɶɸ ɤɚɧɚɥɨɜ ɢ ɢɯ ɚɪɟɧɞɧɨɣ ɫɬɨɢɦɨɫɬɶɸ). 
2) Ɂɚɩɭɫɤ ɚɥɝɨɪɢɬɦɚ ɧɚ ɜɵɩɨɥɧɟɧɢɟ. 
3) ɉɨ ɨɤɨɧɱɚɧɢɸ ɪɚɛɨɬɵ ɚɥɝɨɪɢɬɦɚ (ɩɨɥɶɡɨɜɚɬɟɥɶ ɨɪɢɟɧɬɢɪɭɟɬɫɹ ɧɚ ɫɬɚɬɭɫ 
ɜɵɩɨɥɧɟɧɢɹ ɨɩɟɪɚɰɢɢ) ɩɪɨɫɦɨɬɪ ɧɚɣɞɟɧɧɵɯ ɪɟɲɟɧɢɣ ɜ ɬɚɛɥɢɰɟ. 
4) Ⱥɧɚɥɢɡ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ, ɜɵɛɨɪ ɨɩɬɢɦɚɥɶɧɨɝɨ ɞɥɹ ɅɉɊ ɩɥɚɧɚ 
ɚɪɟɧɞɵ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɤɚɧɚɥɨɜ ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ. 
5) Ɏɨɪɦɢɪɨɜɚɧɢɟ ɨɬɱɟɬɚ ɢ ɫɨɯɪɚɧɟɧɢɟ ɟɝɨ ɜ ɠɟɥɚɟɦɭɸ ɞɢɪɟɤɬɨɪɢɸ. 
 
4.7 Ɋɟɠɢɦɵ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɩɪɨɝɪɚɦɦɵ 
 
4.7.1 Ⱥɜɬɨɦɚɬɢɱɟɫɤɢɣ ɪɟɠɢɦ 
 
Ⱥɜɬɨɦɚɬɢɱɟɫɤɢɣ ɪɟɠɢɦ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɩɪɨɝɪɚɦɦɵ ɫɨ 
ɫɬɚɧɞɚɪɬɧɵɦɢ ɧɚɫɬɪɨɣɤɚɦɢ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɩɪɢ ɪɟɲɟɧɢɢ ɡɚɞɚɱɢ ɨɩɬɢɦɢɡɚɰɢɢ 
ɡɚɞɚɧɧɨɣ ɋɉȾ ɚɜɬɨɦɚɬɢɱɟɫɤɢ ɛɭɞɭɬ ɨɩɪɟɞɟɥɟɧɵ ɜɟɪɲɢɧɚ ɢɫɬɨɱɧɢɤɚ ɢ ɫɬɨɤɚ, 
ɫɨɝɥɚɫɧɨ ɚɧɚɥɢɡɭ ɪɚɡɦɟɪɧɨɫɬɢ ɡɚɞɚɱɢ ɛɭɞɟɬ ɜɵɛɪɚɧ ɨɩɬɢɦɚɥɶɧɵɣ ɦɟɬɨɞ ɪɟɲɟɧɢɹ 
ɢɡ ɫɩɢɫɤɚ ɪɟɚɥɢɡɨɜɚɧɧɵɯ. Ⱦɚɧɧɵɣ ɪɟɠɢɦ ɪɟɤɨɦɟɧɞɨɜɚɧ, ɤɚɤ ɨɫɧɨɜɧɨɣ. 
 
4.7.2 ɉɨɥɶɡɨɜɚɬɟɥɶɫɤɢɣ ɪɟɠɢɦ 
 
ɉɨɥɶɡɨɜɚɬɟɥɶɫɤɢɣ ɪɟɠɢɦ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɩɪɨɝɪɚɦɦɵ ɫ 
ɢɡɦɟɧɟɧɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɪɚɛɨɬɵ: ɡɚɞɚɧɢɟ ɜɟɪɲɢɧɵ ɢɫɬɨɱɧɢɤɚ ɢ ɜɟɪɲɢɧɵ 
ɫɬɨɤɚ, ɜɵɛɨɪ ɦɟɬɨɞɚ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ, ɢɡɦɟɧɟɧɢɟ ɩɨɝɪɟɲɧɨɫɬɢ ɩɪɨɩɭɫɤɧɨɣ 
ɫɩɨɫɨɛɧɨɫɬɢ ɢ/ɢɥɢ ɚɪɟɧɞɧɨɣ ɫɬɨɢɦɨɫɬɢ, ɜ ɩɪɟɞɟɥɚɯ ɤɨɬɨɪɨɣ ɪɟɲɟɧɢɹ ɹɜɥɹɸɬɫɹ 
ɞɨɦɢɧɢɪɭɟɦɵɦɢ, ɡɚɞɚɧɢɟ ɩɚɪɚɦɟɬɪɨɜ ɪɚɛɨɬɵ ɦɟɬɨɞɚ ɢɦɢɬɚɰɢɢ ɨɬɠɢɝɚ ɢ 
ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɝɨ ɦɟɬɨɞɚ. Ⱦɚɧɧɵɣ ɪɟɠɢɦ ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɬɶ ɜ ɬɨɦ 
ɫɥɭɱɚɟ, ɤɨɝɞɚ ɪɟɡɭɥɶɬɚɬ, ɩɨɥɭɱɟɧɧɵɣ ɜ ɚɜɬɨɦɚɬɢɱɟɫɤɨɦ ɪɟɠɢɦɟ ɩɨ ɧɟɤɨɬɨɪɵɦ 
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ɩɪɢɱɢɧɚɦ ɧɟ ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɅɉɊ, ɥɢɛɨ ɬɪɟɛɭɟɬɫɹ ɛɨɥɟɟ ɬɨɧɤɚɹ ɧɚɫɬɪɨɣɤɚ ɪɚɛɨɬɵ 
ɩɪɨɝɪɚɦɦɵ ɞɥɹ ɪɟɲɟɧɢɹ ɫɩɟɰɢɮɢɱɟɫɤɨɣ ɡɚɞɚɱɢ. 
 
4.8 Ⱥɩɪɨɛɚɰɢɹ ɧɚ ɪɟɚɥɶɧɵɯ ɞɚɧɧɵɯ 
 
4.8.1 ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ 
 
Ⱦɚɧɧɵɟ ɨɛ ɚɪɟɧɞɨɜɚɧɧɵɯ ɤɚɧɚɥɚɯ ɫɜɹɡɢ ɋɢɛɢɪɫɤɨɝɨ ɛɚɧɤɚ ɧɚ ɬɟɪɪɢɬɨɪɢɢ 
Ɋɟɫɩɭɛɥɢɤɢ ɏɚɤɚɫɢɢ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ Ȼ.1. ɋɨ ɫɬɨɪɨɧɵ ɩɪɨɜɚɣɞɟɪɚ 
«Ɋɨɫɬɟɥɟɤɨɦ» ɧɚ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɬɟɪɪɢɬɨɪɢɢ ɫɭɳɟɫɬɜɭɟɬ ɩɨɪɹɞɤɚ 100 
ɩɪɟɞɥɨɠɟɧɢɣ, ɞɥɹ ɚɩɪɨɛɚɰɢɢ ɩɪɨɝɪɚɦɦɵ ɫɥɭɱɚɣɧɵɦ ɨɛɪɚɡɨɦ ɛɵɥɨ ɜɵɛɪɚɧɨ 40 
ɢɡ ɧɢɯ – ɷɬɨ 240 ɜɨɡɦɨɠɧɵɯ ɜɚɪɢɚɧɬɨɜ ɦɨɞɟɪɧɢɡɚɰɢɢ. Ɋɟɲɟɧɢɟ ɩɨɥɭɱɟɧɨ 
ɤɨɦɛɢɧɢɪɨɜɚɧɧɵɦ ɦɟɬɨɞɨɦ ɦɟɧɟɟ, ɱɟɦ ɡɚ ɦɢɧɭɬɭ, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɭ ɦɟɬɨɞɚ ɜɟɬɜɟɣ 
ɢ ɝɪɚɧɢɰ ɜɪɟɦɹ ɡɚɧɹɥɨ ɩɨɪɹɞɤɚ 10 ɦɢɧɭɬ.  
 
4.8.2 Ɋɟɡɭɥɶɬɚɬ ɪɚɛɨɬɵ ɩɪɨɝɪɚɦɦɵ 
 
ȼ ɪɟɡɭɥɶɬɚɬɟ ɪɚɛɨɬɵ ɩɪɨɝɪɚɦɦɵ ɩɨɥɭɱɟɧɨ 9 ɨɩɬɢɦɚɥɶɧɵɯ ɩɨ ɉɚɪɟɬɨ 
ɪɟɲɟɧɢɣ ɢɡ ɜɫɟɝɨ ɤɨɥɢɱɟɫɬɜɚ ɜɨɡɦɨɠɧɵɯ ɜɚɪɢɚɧɬɨɜ. Ʉɪɨɦɟ ɬɨɝɨ, ɫɮɨɪɦɢɪɨɜɚɧ 
ɨɬɱɟɬ ɫ ɛɨɥɟɟ ɩɨɞɪɨɛɧɵɦ ɨɩɢɫɚɧɢɟɦ ɪɟɡɭɥɶɬɚɬɨɜ. ɋɤɪɢɧɲɨɬ ɝɥɚɜɧɨɝɨ ɨɤɧɚ ɫ 
ɝɪɚɮɢɱɟɫɤɢɦ ɩɪɟɞɫɬɚɜɥɟɧɢɟɦ ɜɯɨɞɧɵɯ ɞɚɧɧɵɯ ɢ ɨɤɧɚ ɫ ɪɟɡɭɥɶɬɚɬɨɦ ɪɚɛɨɬɵ 
ɩɪɨɝɪɚɦɦɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫɭɧɤɚɯ 16 ɢ 17.  
48 
 
Ɋɢɫɭɧɨɤ 16 – ɋɤɪɢɧɲɨɬ ɝɥɚɜɧɨɝɨ ɨɤɧɚ ɫ ɡɚɞɚɧɧɨɣ ɋɉȾ 
 
 





ȼ ɪɟɡɭɥɶɬɚɬɟ ɪɚɛɨɬɵ ɩɪɨɝɪɚɦɦɵ ɢɡ 240 ɜɚɪɢɚɧɬɨɜ ɛɵɥɨ ɜɵɛɪɚɧɨ 9 
ɨɩɬɢɦɚɥɶɧɵɯ ɪɟɲɟɧɢɣ, ɱɬɨ ɫɭɳɟɫɬɜɟɧɧɨ ɭɩɪɨɳɚɟɬ ɪɚɛɨɬɭ ɢɧɠɟɧɟɪɚ ɨɬɞɟɥɚ 
ɫɪɟɞɫɬɜ ɫɜɹɡɢ ɢ ɬɟɥɟɤɨɦɦɭɧɢɤɚɰɢɣ ɩɪɢ ɜɵɛɨɪɟ ɨɩɬɢɦɚɥɶɧɨɝɨ ɪɟɲɟɧɢɹ 
ɦɨɞɟɪɧɢɡɚɰɢɢ ɫɟɬɢ ɢ ɡɚɤɥɚɞɵɜɚɧɢɢ ɟɠɟɝɨɞɧɨɝɨ ɛɸɞɠɟɬɚ.  
ɋɮɨɪɦɢɪɨɜɚɧɧɵɣ ɨɬɱɟɬ ɢɦɟɟɬ ɩɪɟɞɟɥɶɧɨ ɩɪɨɫɬɭɸ ɫɬɪɭɤɬɭɪɭ 
ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɪɟɡɭɥɶɬɚɬɨɜ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɛɵɫɬɪɨ ɨɪɢɟɧɬɢɪɨɜɚɬɶɫɹ ɜ ɬɟɤɫɬɟ ɢ 
ɢɫɩɨɥɶɡɨɜɚɬɶ ɞɚɧɧɵɟ ɞɥɹ ɮɨɪɦɢɪɨɜɚɧɢɹ ɨɮɢɰɢɚɥɶɧɵɯ ɞɨɤɭɦɟɧɬɨɜ. 
Ⱥɩɪɨɛɚɰɢɹ ɪɚɛɨɬɵ ɩɪɨɝɪɚɦɦɵ ɧɚ ɪɟɚɥɶɧɵɯ ɞɚɧɧɵɯ ɩɪɨɲɥɚ ɭɫɩɟɲɧɨ, ɱɬɨ 





ȼ ɯɨɞɟ ɪɚɛɨɬɵ ɛɵɥɢ ɜɵɩɨɥɧɟɧɵ ɫɥɟɞɭɸɳɢɟ ɡɚɞɚɱɢ: 
- ɩɨɫɬɪɨɟɧɚ ɦɨɞɟɥɶ ɫɟɬɢ ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ ɋɢɛɢɪɫɤɨɝɨ ɛɚɧɤɚ; 
- ɩɨɫɬɚɜɥɟɧɚ ɡɚɞɚɱɚ ɛɢɤɪɢɬɟɪɢɚɥɶɧɨɣ ɨɩɬɢɦɢɡɚɰɢɢ ɫɟɬɢ; 
- ɩɪɨɜɟɞɟɧ ɚɧɚɥɢɡ ɫɭɳɟɫɬɜɭɸɳɢɯ ɦɟɬɨɞɨɜ ɪɟɲɟɧɢɹ ɡɚɞɚɱ ɆɄɈ ɫɟɬɢ 
ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ, ɜɵɹɜɥɟɧɵ ɢɯ ɩɪɟɢɦɭɳɟɫɬɜɚ ɢ ɧɟɞɨɫɬɚɬɤɢ; 
- ɩɪɟɞɥɨɠɟɧɚ ɦɨɞɢɮɢɤɚɰɢɹ ɦɟɬɨɞɚ ɜɟɬɜɟɣ ɢ ɝɪɚɧɢɰ, ɩɨɡɜɨɥɹɸɳɚɹ 
ɫɭɳɟɫɬɜɟɧɧɨ ɫɨɤɪɚɬɢɬɶ ɜɪɟɦɹ ɪɚɛɨɬɵ ɩɪɢ ɪɟɲɟɧɢɢ ɡɚɞɚɱɢ ɛɨɥɶɲɨɣ ɪɚɡɦɟɪɧɨɫɬɢ, 
ɩɪɢ ɷɬɨɦ ɧɟ ɩɨɬɟɪɹɜ ɜ ɤɚɱɟɫɬɜɟ ɩɨɥɭɱɟɧɧɨɝɨ ɪɟɲɟɧɢɹ; 
- ɪɚɡɪɚɛɨɬɚɧɚ ɢ ɪɟɚɥɢɡɨɜɚɧɚ ɩɪɨɝɪɚɦɦɚ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɚɹ ɞɥɹ ɩɨɢɫɤɚ 
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ȼɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ɚɩɪɨɛɚɰɢɢ ɪɚɛɨɬɵ ɩɪɨɝɪɚɦɦɵ 
 
Ɍɚɛɥɢɰɚ Ȼ.1 – Ⱦɚɧɧɵɟ ɨɛ ɚɪɟɧɞɨɜɚɧɧɵɯ ɭ ɩɪɨɜɚɣɞɟɪɚ «Ɋɨɫɬɟɥɟɤɨɦ» ɤɚɧɚɥɚɯ 





Ⱥɪɟɧɞɧɚɹ ɩɥɚɬɚ ɜ 
ɦɟɫɹɰ, ɪɭɛ. 
Ⱥɛɚɡɚ Ɍɚɲɬɵɩ 128 1417 
Ⱥɛɚɤɚɧ Ⱥɛɚɡɚ 2048 7848 
Ⱥɛɚɤɚɧ Ȼɟɥɵɣ əɪ 2048 5400 
Ⱥɛɚɤɚɧ Ɉɱɭɪɵ 1024 1000 
Ⱥɛɚɤɚɧ ɉɨɞɫɢɧɟɟ 1024 2100 
Ⱥɛɚɤɚɧ ɋɚɹɧɨɝɨɪɫɤ 5120 14170 
Ⱥɛɚɤɚɧ ɍɫɬɶ-Ⱥɛɚɤɚɧ 1024 1000 
Ⱥɛɚɤɚɧ ɑɟɪɟɦɭɲɤɢ 2048 7000 
Ⱥɛɚɤɚɧ ɑɟɪɧɨɝɨɪɫɤ 2048 2000 
Ⱥɛɚɤɚɧ ɒɢɪɚ 2048 7848 
Ⱥɫɤɢɡ Ȼɢɪɢɤɱɭɥɶ 128 5700 
Ⱥɫɤɢɡ Ȼɨɧɞɚɪɟɜɨ 512 7085 
Ȼɟɥɵɣ əɪ Ⱥɫɤɢɡ 256 5756 
Ȼɟɥɵɣ əɪ Ȼɨɝɪɚɞ 2048 7085 
Ȼɢɫɤɚɦɠɚ ɋɨɪɫɤ 1024 6993 
ɋɚɹɧɨɝɨɪɫɤ Ȼɟɹ 1024 5995 
ɋɚɹɧɨɝɨɪɫɤ Ɇɚɣɧɚ 1024 5995 
ɑɟɪɟɦɭɲɤɢ Ȼɟɥɶɬɢɪɫɤɨɟ 2048 3200 
ɑɟɪɟɦɭɲɤɢ Ȼɢɫɤɚɦɠɚ 1024 4300 





Ƚɟɨɝɪɚɮɢɱɟɫɤɨɟ ɩɨɥɨɠɟɧɢɟ ɭɡɥɨɜ ɤɨɦɦɭɬɚɰɢɢ ɢ ɤɚɧɚɥɨɜ ɫɜɹɡɢ ɧɚ 









Ɋɢɫɭɧɨɤ ȼ.1 – Ɋɚɫɩɨɥɨɠɟɧɢɟ ɭɡɥɨɜ ɤɨɦɦɭɬɚɰɢɢ, ɚɪɟɧɞɨɜɚɧɧɵɯ ɢ ɩɪɟɞɥɚɝɚɟɦɵɯ 
ɤ ɚɪɟɧɞɟ ɤɚɧɚɥɨɜ ɫɜɹɡɢ ɧɚ ɬɟɪɪɢɬɨɪɢɢ Ɋɟɫɩɭɛɥɢɤɢ ɏɚɤɚɫɢɢ 

